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EEAK-ADMIEAL EOBEET FITZEOY. 



My dear Sir, 

Ever since the time when you conducted me 
over the magnificent dockyards of your country, I have 
received so many proofs of your kind recollection of me, 
that I request you to allow me to dedicate the second 
edition of this work to you. This I am the more desirous 
of doing, inasmuch as it is to you that I am indebted for 
the translation of the first edition, which appeared in the 
( Meteorological Papers,' and for the valuable additions 
which were then made to it. 

Yours with sincere respect, 

H. W. DOVE. 
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AUTHOR'S PREFACE. 



In this ' Second Edition' the work has been so completely 
remodelled and enlarged, that I have added to the original 
title — * The Law of Storms ' — the words, ' considered in 
connection with the Ordinary Movements of the Atmo- 
sphere.' In fact, these general considerations form the 
entire of the first half of this work. In the course of the 
thirty-four years which have elapsed since the appearance 
of my first investigations on the Law of Gyration and the 
Kotatory Movements of Storms, I have endeavoured, as 
far as possible, to supply, in confirmation of my theories, 
the empirical proofs, of which there were at first not many 
to be found. I have been careful to enumerate all such 
confirmations as I am aware of, and must apologise if I 
have, through ignorance of their existence, omitted to 
mention any. In contrast to the custom, which is unfor- 
tunately becoming every day more universal, of bringing 
forward facts which have been known for more than a 
century as if they were new discoveries of each author, I 
hold it to be the duty of everyone who selects the move- 



Digitized byLjOOQlC 



viii AUTHOR'S PREFACE. 

ments of the atmosphere as the subject of his investigations 
to state openly what we owe to men like Dampier, Halley, 
Hadley, and Horsburgh, in this branch of science. The 
problems which are presented to us by the atmosphere, 
are too complicated to allow of their solution off-hand ; 
and there will ever remain questions which earlier ob- 
servers have been unable to solve. To be classed with 
such predecessors as those I have named is the noblest 
recompense which we can hope for in return for our 
labours. 

Berlin: 
June 10, 1861. 
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TRANSLATOR'S PREFACE, 



In this translation I have, by Professor Dove's desire, em- 
bodied in the work itself the results of observations at 
Dorpat (p. 125) and at Toronto (p. 129), which only 
appeared in the Appendix to the original work. I have 
also added the tables for the year 1859 at Greenwich 
(p. 102), for Bermuda (p. 105), and for Melbourne 
(p. 115), which were received from the Author in the 
progress of* the translation. Any additions which I have 
made in the way of notes are signed 'Trans.' The 
notes signed 'F.' have been transferred, by Admiral 
Fitzroy's permission, from the translation of the First Edi- 
tion, which is contained in the third number of ' Meteoro- 
logical Papers.' 

The measures throughout the work have been converted 
to English inches, and the temperatures to their equiva- 
lents on the Fahrenheit scale. The quotations from all 
the works which were accessible to me in the libraries of 
Dublin have been taken from the originals. This has 
been the case with the quotations from Dampier, Halley, 
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Hadley, Horsburgh, Rddington, Reid, the 4 Voyage of the 
Adventure and BeagleJ and a few others. In all other 
cases the difficulty of reproducing an Author's words, after 
a double translation, is the only apology which can be 
offered for the inaccuracies which are unavoidable. 

I have, lastly, to express my obligations to the Me- 
teorological Department of the Board of Trade for their 
liberality in defraying a portion of the expense of the 
publication of this translation. 

The Translator. 

Dublin: 
Jme 28, 1862. 
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INTRODUCTION. 



r3 AIK, if it be once set in motion, either with 
moderate velocity or as a storm, may preserve the 
direction of that motion unchanged, or else blow succes- 
sively from different points of the compass. In speaking 
of atmospherical currents, we distinguish permanent winds 
from those which are variable. In the same way, ordi- 
nary language has drawn a distinction between different 
classes of storms : those whose direction is constant being 
called gales; those which have a rotatory motion hurricanes^ 
or, as Piddington calls them, cyclones ; and lastly, rotatory 
storms of smaller dimensions being termed trombs. 

We have succeeded, by the help of the 'Law of 
Gyration,' in referring the Trade-winds (whose direction 
is never changed), the Monsoons (whose direction is 
changed periodically), and the so-called Variable Winds 
of higher latitudes, to one common general principle, which 
Hadley had first applied to explain the origin of the 
Trade-winds. It is, therefore, not unnatural for us to 
expect that in the more violent disturbances of the atmo- 
sphere, certain general conditions will exist, which are 
common to them all, as well in their origin as in their 
subsequent course, although the appearances which they 
present may exhibit considerable variety. Instead of 
following this natural course of inquiry, identity has 

B 2 
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4 INTRODUCTION. 

been sought, not in the original conditions which pro- 
duced the phenomena, but in the phenomena themselves. 
The consequence of this error has been that a very 
animated discussion has arisen; one party maintaining 
that all storms are cyclones, while the other asserts 
that the rotatory motion is never developed on a large 
scale. 

An error which is constantly refiited, and yet as often 
re-appears, is the belief that the meteorological pheno- 
mena of the temperate zone are only modifications, on a 
smaller scale, of those which appear in the torrid zone. 
The real state of the case is, that the torrid zone presents 
the simplest form of the phenomena, whose more general 
characters are exhibited in higher latitudes. This assertion 
is found to be the case as regards the movements of the 
atmosphere, as well in their mean direction, as in the ex- 
traordinary increase in their intensity, which we call a 
storm. In the case of the former, we find that the Law 
of Gyration is the general rule observable in the temperate 
zones, while its exceptional cases, the Trade-winds and 
Monsoons, are peculiar to the torrid zone. In the case 
of the latter, we find that the existence of both gales and 
cyclones in the temperate zone may be demonstrated, 
whereas the cyclonical class of storm predominates to such 
an extent in the torrid zone, that the other class sinks 
into comparative insignificance beside it. A general theory 
of the wind ought to explain the reason why the primary 
causes, which affect the whole of the atmosphere, should 
produce exclusively certain definite and exceptional effects 
in the torrid zone. 

If we inquire in what cases a vane, which is exposed 
to the action of air in motion, will preserve its direction 
unchanged, we find that they are three in number : — 

1. When the air flows from all sides towards one fixed 



Digitized byLjOOQlC 



INTRODUCTION. 5 

point at which it rises, or flows away, on all sides, from 
one fixed point where it sinks.* 

2. When the air circles about one fixed point, either 
from left to right, or from right to left In this case 
the direction of the vane at the place of observation 
indicates the tangent to the whirlwind, which exists at 
that fixed point; whereas, in the former case, it corre- 
sponds with a radius, along which the influx or efflux of 
the air takes place. 

3. When large masses of air move from one point on 
the earth's surface to another, and consequently the indi- 
vidual particles move in parallel rectilinear paths. In the 
first case which we have just discussed, the paths are 
diverging and converging right lines, while in the second 
they are concentrical circles. The third case of motion, 
viz., that in parallel rectilinear paths, can only take place 
under the following conditions : — 

a. If the places from which the air starts and at which 
it arrives be in the same latitude, no change in the distance 
between them, or in the velocity of the wind, can have 
any effect on the vane ; i.e., the direction of the vane is 
unaltered, however the extent in longitude or the velocity 
of the current may vary (according to Hadley). 



* The land and sea-breezes of small islands in hot climates, which are 
felt when there is no prevailing wind, are examples of this. If, during the 
day, the land assumes a higher temperature than the sea, the air in contact 
with it rises, and the cooler sea-air flows in below. The cold air sinks over 
the surface of the sea, as it does in the shade of a passing cloud on a hot 
summer's day. During the night the land loses its acquired temperature 
more rapidly than the sea, so that the surface of the latter becomes at last 
warmer than that of the land, and a counter current from the land to the 
sea sets in. This circular motion in a vertical plane may be compared to 
the revolutions of a wheel. If there be no difference of temperature there 
is no motion ; if there be a difference, motion ensues, first in one direction, 
then in the other. There are two periods of rest every day, viz., those at 
which the direction of the rotation changes. 
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b. If on the other hand the latitude, and consequently 
the velocity of rotation of the surface with which the air 
is in contact, be not constant, the vane can preserve its 
direction unchanged, solely on the condition that the 
interval between the extreme points of its course remain 
unchanged, and at the same time its velocity do not vary. 

The cases in which the vane changes its direction are 
also three in number : — 

1. When the point towards which the wind is moving, 

or from whence it has 
^^^r^^^ ^ started, changes its 

position. If (fig. 1) 
we suppose this point 
to move from SW. to 
NR, we find that at 
the centre of the circle 
the wind chops about, 
after a calm, from NE. 
to SW. ; on the right 
hand side of the path 
of the centre it veers 
from ENE. through E. 
to SW., and on the left hand side of the path, from NNE. 
through W. to WSW. In each of these cases the amount 
of change diminishes as the distance from the centre 
increases. The same reasoning holds for winds which 
diverge from one central point, if we bear in mind that 
the directions of the wind in this case are diametrically 
opposite to those in the case last considered. 

2. When the point around which the air rotates 
changes its position. If the mass of air, rotating from 
right to left, in a direction opposite to that of the hands 
of a watch, move from SW. to NE., the place of observa- 
tion will pass successively through the points of intersec- 
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tion of a right line, with the concentrical circles of the 
cyclone passing over it. In this case the directions of 
the vane represent the 
tangents to these cir- 
cles drawn at the 
points of intersection. 
At the centre the wind 
chops about from SK 
to NW. ; on the right 
hand side it veers from 
SSE. through S. to- 
wards WNW., and on 
the left hand side from 
ESE. through E. to- 
wards NNW. The 

direction in which the change of direction takes place, 
on either side of the path, is the same as in the former 
case ; but the directions of the wind differ by an angle 
of 90° in the two cases. If the cyclone rotate from 
left to right, the directions of the wind will be exactly 
reversed. 

3. When, in the case of a constant wind, the distance 
of the initial point or the velocity of the storm is 
altered. 

The effect produced by a change of position of the 
initial point of the current may be perceived from the 
following consideration : — 

The velocity of rotation of the individual points on 
the earth's surface varies as the diameter of their lati- 
tude, and therefore increases from zero at the poles to 
a maximum at the equator. If the air be at rest, it 
partakes of the velocity of rotation of that portion of the 
globe over which it rests. Hence, if a difference of tem- 
perature, or any other cause, impart to it a tendency to 
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move in a direction parallel to the equator, its motion 
cannot be affected by the rotation of the earth , inasmuch 
as the points on the earth's surface towards which it is 
moving have exactly the same velocity of rotation as 
those which it has left. If, on the other hand, the air be 
set in motion by any cause from the poles to the equator, 
it passes from points which possess a lesser to those 
which possess a greater velocity of rotation. This 
air, therefore, moves at a slower rate from W. to E. 
than the points with which it comes in contact ; and 
hence it appears to have a motion in the opposite direc- 
tion, i.e. from E. to W. The deflection of the wind from 
its original direction, its rate of progression being sup- 
posed unaltered, will be greater, the greater the difference 
of the velocities of rotation of the point from whence it 
has started, and of that where the observation is made ; 
or, in other words, the greater the difference of latitude 
of these two places. Hence we see — 

1. In the northern hemisphere winds, originally north 
winds, change gradually through NE. towards E. 

If we take points 

A A, A„ A ul 

C C, C„ G iU 
D D,D„D„, 

so situated that A B C D are all under the same meri- 
dian, A being the most northerly, D the most southerly 
station ; and that A A p &c, he on the same parallel of 
latitude, A being the most westerly, and A lu the most 
easterly. If we conceive the whoie body of air lying 
between A A IU and D D /u set in motion from north to 
south by any cause } we shall find that the air from C C IU 
reaches the latitude D D IU more or less as a north wind ; 
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that from B B IU as a north-east wind ; while that from 
A A* IU will reach it still more as an east wind. In this 
case an observer in the latitude D D til will see the vane 
gradually move from N. through NE. towards E. 

2. In the southern hemisphere, winds, originally south 
winds, change gradually through SE. towards E. 

If we take, as before, points 

d d, d„ d„ 4 



c 


c , 


c„ 


°m 


b 


h, 


K 


K, 


a 


a, 


«// 


a tu 



of which those lying in the latitude a a iU are the most 
southerly, and those in the latitude d d ul the most north- 
erly, an observer in the latitude d d nl will see the vane 
gradually turn from S. through SE. towards E. 

If in either hemisphere an east wind has arisen in the 
manner above indicated, it will preserve its motion in the 
latitudes D D m or d d nl without being in any way affected 
by the rotation of the earth.* 

If the cause which produced a current towards the 
equator continue in operation, the east wind, which has 
thence arisen, will interfere with and retard the current. 
By means of this retardation, the air will soon attain the 
velocity of rotation of the places with which it is in 



* Ferrel, The Motions oj Fluids and Solids relative to the Earth's Surface ; 
comprising Applications to the Winds and the Currents of the Ocean. 
New York, 1860, p. 25. 'In whatever direction a body moves on the 
surface of the earth, there is a force arising from the earth's rotation 
which deflects it to the right in the northern hemisphere, but to the left in 
the southern.' This extension of the principle of Hadley's theory leads to 
the same conclusions as that theory in the case of all the phenomena which 
are here considered. If we take into consideration the components of the 
moving force, which result for motions in the direction of the parallels of 
latitude, the conclusion which has been drawn as to the change of direction 
of the wind holds good for all winds, including east and west. 
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contact, and will pass into a state of relative rest with 
regard to it. A constant tendency of the air to 'flow 
towards the equator will therefore reproduce precisely the 
phenomena which have been just considered. 

If we now take the case of the appearance of equatorial 
currents, after polar currents have predominated for a time 
— in the northern hemisphere the incipient equatorial 
current, as a south wind, will displace the polar current, 
which has become more or less easterly, in the direction 
E., SR, S. ; in the southern hemisphere, as a north 
wind, it will displace the polar current, which has be- 
come easterly like the other, in the direction E., NR, 
N. 

Hence, on the whole, in the latitude D D nP in the 
northern hemisphere, the observed change of the wind 
willbeK,NR,R, SR, S. 

In the latitude d d UP in the southern hemisphere, it 
will be exactly the reverse, viz., S., SR, R, NE., N. 

Air, which flows from the equator towards the poles, 
moves from points which possess a greater, to those which 
possess a lesser velocity of rotation towards the east. 
Hence it follows that — 

3. In the northern hemisphere a southerly wind in its 
progress gradually veers through SW. towards W. 

4. In the southern hemisphere a northerly wind in its 
progress gradually veers through NW. towards W. 

If we take points 

D D, B u B 4U 
E E, E„ E iU 
F F, F„ F t „ 
0, G„ 0,„ 

in the northern hemisphere, such that those in the lati- 
tude G G IU are the most southerly, we shall see, as before, 



Digitized byLjOOQlC 



INTRODUCTION. 11 

that if the whole body of air contained between the lati- 
tudes D D ul and G G UI be set in motion from the south 
towards the north, an observer in the latitude D D ltl will 
receive the wind from E E in nearly as S. ; that from FF IU 
more as SW. ; and that from G G nl nearly as W, 
Similarly, if we take points 

d d, d„ d at 

J J 4 /// //// 

9 9, 9a 9m 

in the southern hemisphere, such that those in the lati- 
tude g g lu are the most northerly, and those in d d ul the 
most southerly, we shall see that if the air lying between 
d d lu and g g lu be set in motion from the north towards 
the south, an observer at d d ni will receive the wind from 
e e lu nearly as N. ; that from f f ut more as NW.; and that 
from g g ul nearly as W. 

A west wind, in either hemisphere, will interfere with 
fresh equatorial currents, and bring them to a state of 
relative rest. If the tendency of the air to flow towards 
the pole continue, the phenomena above described will be 
repeated until new polar currents change the west wind 
in the northern hemisphere, through NW. towards N., 
and in the southern through SW. towards S. 

This gives — 

For the northern hemisphere the change S., SW., W., 
NW., N. 

For the southern hemisphere the change N., NW., W., 
SW., s. 

From the above considerations we derive the following 
laws : — 

A. In the northern hemisphere, when polar and equa- 
torial currents succeed each other, the wind veers in 
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general in the direction S., W., N., R, S., round the com- 
pass. Exceptions to this rule are more common between 
S. and W. and between N. and R, than between W. and 
N. or between E. and S, 

B. In the southern hemisphere, when polar and equa- 
torial currents succeed each other, the wind veers in 
general in the direction S., R, N., W., S., round the com- 
pass. Exceptions to this rule are more common between 
N. and W. and between S. and R, than between W. and 
S. or between E. and N. 

This is the phenomenon which I have termed The Law 
op Gyration. 

The Trade-winds and the Monsoons may be considered 
as special cases of this law. In the torrid zone, the only 
atmospherical current which is felt at the surface of the 
ground is the polar current; and consequently a complete 
shift of the wind round the compass can never be ob- 
served. The deviation of the vane which is observed 
is proportional to the distance of the point of observation 
from the initial point of the current, and is only modified 
at the different seasons, to a certain extent, by the varia- 
tion of the position of this initial point. The most obvious 
instance in proof of this statement is the NR Trade- 
wind of the northern hemisphere. We find, however, 
that, owing to the preponderance of land in the northern 
hemisphere, the zone of maximum temperature of the 
globe, at which the heated air rises, does not coincide 
with the equator, but falls in the northern hemisphere. 
This zone is the district towards which the polar currents 
of both hemispheres flow, between the tropics ; and con- 
sequently the SE. Trade-wind crosses the line into the 
northern hemisphere. This wind, in the earlier portion 
of its course, moves over points whose velocity of rotation 
from W. to E. is continually increasing : on its entrance 
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into the northern hemisphere it moves over points whose 
velocity of rotation is continually decreasing, and con- 
sequently the polar current is converted into an equatorial 
current. The wind, which had previously assumed a 
more easterly direction, shifts through SE. to S., and 
may finally become south-westerly. The configuration 
of the land about the Indian Ocean produces this pheno- 
menon on the most extensive scale. In this district, the 
SE. Trade-wind enters the northern hemisphere as the 
SW. Monsoon during our summer, and the NE. Trade- 
wind enters the southern hemisphere as the NW. Mon- 
soon during our winter. 

The conversion of an equatorial into a polar current 
can only take place in consequence of the equatorial cur- 
rent passing over the pole, so that its deviation, which in 
the earlier part of its course was westerly, becomes subse- 
quently easterly. We are as yet without observations to 
control our conclusions relative to this phenomenon. 

If the air, which rests on any parallel of latitude, could 
be instantaneously transferred to another parallel, we 
should see the results of the difference in the velocity of 
rotation between this portion of the earth's surface, and 
the air which has been placed in contact with it, developed 
in their full extent. This is, however, never realised, as, 
in the passage of the air from one parallel to another, the 
surface of the ground with which it is in contact has a 
tendency to impart to the air its own velocity of rotation 
by means of friction. In the neighbourhood of the equa- 
tor, the parallels of latitude increase in diameter less rapidly 
than in higher latitudes ; and inasmuch as in the neigh- 
bourhood of the heated belt, from which the air rises, the 
velocity of the wind is diminished, the tendency of the 
earth's surface to impart its motion to the air with which it 
is in contact has a greater effect than elsewhere. Hence we 
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can easily see why the NE. Trade-wind has a less easterly 
direction at its interior boundary, than in the centre of 
the Trade-wind district. In the region of the Calms, the 
velocity of potation of the air is the same as that of the 
surface of the ground ; and as the change in the velocity 
of the air which produces the calm cannot be a sudden 
one, it must take place according to the principles just 
explained. This reasoning does not hold for the upper 
counter Trade-wind (the return Trade), which preserves 
its original equatorial velocity of rotation unchanged, up to 
the time that it descends to the surface of the ground. Li 
this case, as it is not in contact with the earth, its velocity 
cannot be modified by the earth, and it is easy to see that 
the mutual friction of two atmospherical currents is less 
than the friction of air against water, and much less than 
its friction against dry land. From considerations like 
these, we see why the Trade-winds should assume a more 
definite form on the smooth and open surface of the sea 
than in the interior of continents, and why the counter 
Trade-wind should reach the earth with a considerable 
westerly deflection, while the region of Calms is bounded 
by currents which blow in directions nearly diametrically 
opposite to each other. 

The preceding consideration is totally independent of 
the manner in which we conceive the motion of the air 
between the latitudes in question to have arisen, whether 
simultaneously at all points on the same meridian, or suc- 
cessively by suction or impulsion. It is also immaterial 
whether the currents which arise in the north and the 
south are directly opposed to each other, or more or less 
inclined towards each other and towards the meridian. 

The influence of the velocity of the wind on these ap- 
pearances will be easily understood from the preceding 
explanation. If the air move slowly, the surface over 
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which it is passing will impart to it more of its own velo- 
city of rotation than if it moved more rapidly. Hence a 
greater velocity of the wind will produce a greater devia- 
tion of the vane than a smaller velocity. This shows us 
that a change in velocity of the wind produces a deviation 
of the vane. 

In the foregoing investigation, it has been shown that in 
our latitudes a northerly current becomes more easterly 
the longer it lasts, and therefore that a KB. wind is a K. 
wind which has come from higher latitudes than the wind 
which reaches us as a K. wind ; and similarly, that a SW. 
wind is a S. wind which has come from lower latitudes 
than our S. wind. Hence we shall be prepared to admit 
that a rotation of the vane can be an indication of the 
existence of a permanent current. The perpetual disre- 
gard of this fact is the chief cause of the confusion which 
exists, and continually appears afresh in the consideration 
of questions connected with the theory of the wind. The 
essential difference between the rotation of the vane pro- 
duced by an ordinary atmospherical current, and that 
produced either by a centripetal motion or by a whirling 
motion with advancing centre, is, that in the first case, the 
rotation is always in the same direction, while in the second, 
it is opposite on the opposite sides of the path of the current. 
If, in the northern hemisphere, we term the rotation 
S. W. K. E., as is usual, ' with the sun,' or direct, and the 
rotation in the direction S. E. K. W., ' against the sun,' or 
retrograde, and in the southern hemisphere the rotation 
S. E. K. W., ' with the sun,' and that S. W. K. E., ' against 
the sun,' * we find that — 

* Contrary to nautical usage. The expression * with the sun ' originated 
in the northern hemisphere, beyond the tropic, where one looks at the sun 
rising in the east, and going from left to right across the south meridian to 
the west. This, of course, should be reversed in southern latitudes generally ; 
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Permanent winds turn the vane only in a direct sense, 
or with the sun : 

Cyclones or centripetal winds, when they have a pro- 
gressive motion, produce a rotation which is direct or 
retrograde, according to the position of the point of ob- 
servation with regard to the path of the centre ; 

Finally, by the interference of two permanent currents, 
whose directions are different, there ensue rotations of 
both kinds, viz., direct, when, on the west side of the 
wind-rose, a current is displaced by one which is more 
northerly ; retrograde, when it is displaced by one more 
southerly. On the east side, on the contrary, the rotation 
is direct^when the displacing current is more southerly 
than the previous one; retrograde, when it is more 
northerly. Currents diametrically opposed can check each 
other and cause a calm, producing the same phenomenon 
as is observed at the centre of a series of centripetal cur- 
rents or of a cyclone ; viz., winds diametrically opposed, 
separated by a calm district. 

We see, therefore, that the same appearances can arise 
under totally different conditions, and that it is only by 
means of a careful investigation of all the phases of a 
phenomenon that we can pronounce a decision on any 
one that we have to do with in a particular instance. In 
this investigation the barometer is one of the chief means 
at our disposal, and we shall therefore consider its indi- 
cations with especial attention. 

I. Previous to entering on the discussion of the storms 
themselves, we shall examine more closely the motions of 
the atmosphere in the different zones. 

We find, as has been stated above, three types of these 
motions : — 

but seamen retain the sense of l with the sun ' as (applicable to the coiling 
or lay of a rope) from left to right. Hence some confusion. — F. 
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1. Permanent Winds : The Trade-winds of the Torrid 
Zone. 

2. Periodical Winds: The Monsoons of the Indian 
Ocean. 

3. Changeable Winds : The winds of the Temperate 
and Frigid Zones. 
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I.— The Permanent Winds.— The Trade Winds. 

I. THE UNDER TRADE-WIND. 

If any point in a liquid be heated more strongly than 
the others, currents arise in it, and the colder particles 
flow from all sides towards this heated point. At this 
point itself the fluid is at rest, owing to the compensation 
of the opposite motions. The most obvious illustration of 
this is offered by the flame of a candle when it is burning 
steadily. 

Were the earth at rest, and the sun fixed over a point 
on the equator, the air from all parts of the world would 
flow towards this point, and we should find the conditions 
of the flame of the candle fulfilled. The earth, however, 
moves on its axis, and consequently, instead of one heated 
point, we have a zone of maximum temperature on which 
the air is at rest. This zone separates the areas of the 
northern and southern currents of cold air, each of which 
is thus forced to perform its own circuit. 

If we assume that the mean breadth of this zone is in- 
variable throughout the year, and that it moves with the 
sun through 23^° on each side of the equator, we shall 
find it in June under the tropic of Cancer, in January 
under that of Capricorn. Consequently, all places in the 
torrid zone will be for a part of the year in the northern 
Trade-wind, and for a part in the southern. These periods 
will be separated by intervals at which there will be no 
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particular direction of the wind. If the air be supposed 
to flow towards the parallel of latitude which has the sun 
in the zenith at the time, the wind will flow from directly 
opposite quarters, within the yearly period, at all points 
over which the sun passes twice in the year. The dura- 
tion of the two currents will be the same at the equator. 
In the northern hemisphere the northern current will last 
longer, and vice versd in the southern hemisphere. The 
difference in the durations will increase with the distance 
from the equator. At the tropics there will be only one 
current interrupted by a calm at the time of solstice. We 
should therefore obtain at all points in the torrid zone 
* Monsoons ' or winds depending on the seasons. The ro- 
tation of the earth would produce an effect on these, and 
we should have the following winds at the different sea- 
sons, on the respective sides of the equator : — 





TORRID ZONE. 








Northern 


Southern 


Spring 


• • 


NE. 


SE. 


Summer 


• 


SW. 


SE. 


Autumn 


♦ . 


NE. 


SE. 


Winter 


• • 


NE. 


NW. 




. , 


, 


. 



In the preceding investigation we have omitted to take 
notice of the fact that the magnitude of the masses of air, 
which are separated by the region of calms, varies very 
much at different seasons. At the winter solstice the air 
of the torrid zone is included in the northern Trade-wind 
circuit, and at the summer solstice in the southern circuit ; 
so that it is only at the equinoxes that the quantities of 
air in each of these circuits are equal. As the relation 
between these masses varies with the seasons, it will neces- 
sarily interfere with the regular motion of the zone of 

c 2 
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Trade-winds northwards and southwards. Another point 
which it is necessary to remember is, that the vertical 
Trade-wind circuit does not take place in an area which is 
uniform in width, but in one which tapers towards the 
pole. We may consider the space between two meridians 
as a section of an isosceles triangular prism, whose base 
has a higher temperature than any other part. Conse- 
quently the air which rises at the base will not descend at 
the vertex, but at some parallel to the base line. From 
this it is evident that the phenomenon of the Trade-winds 
will not embrace the whole of a hemisphere, but only a 
portion of it which is adjacent to the equator, and that 
the Trade-winds will have interior and exterior limits. 
It appears, further, that the mean position of the place of 
meeting of the two currents will not coincide with the 
equator, but will be thrown up into the northern hemi- 
sphere. The reason of this is, that the unequal distribu- 
tion of dry land on the surface of the earth causes the 
northern hemisphere to have a higher mean temperature 
than the southern. The displacement of the zone of Trade- 
winds at the different seasons, will be influenced more 
by the conditions of temperature in the torrid zone than 
by those of the whole earth ; inasmuch as the air in dis- 
tricts lying at a distance from the equator is not included 
in the Trade-wind circuit. 

We shall now proceed to examine the observations, and 
draw our conclusions from them. 

In the ' Distribution of Heat on the Surface of the 
Earth*,' I have given the following tables of the mean 
temperature of the northern portion of the torrid zone 
for each month in the year. 



* Die Verbreitmg der Warme auf der Oberflache der Erde, &c. Reimer, 
Berlin, 1862. 4to. 
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Latitude 


0° 


10° 


20° 


30° 


January . « 
February . 
March . . 
April . . 
May . . 
June . . 
July . . 
August 
September 
October . 
November . 
December . 




79-47 
80*15 
80-60 
81-27 

8015 

79-92 

78-57 

78-80 

7902 

7902 
79-69 . 
79-25 


77*22 

78-57 

79*69 

8105 

81-27 

81-05 

80-82 

80-82 

80-82 

80-15 

79-69 

78-35 


7002 
72-72 
75-20 
7902 
80*60 
81*05 
81-72 
81-72 
80*60 
7902 
76-32 
72-95 


58-55 
59-90 
63-72 
68-22 
73-62 
77-22 
78-35 
80-60 
77-45 
72-95 
65-97 
59-67 


Winter. . 
Spring . . 
Summer . 
Autumn 




79-69 
80-60 

7902 
79-25 


7812 
80-60 

80-82 
80-15 


71*82 
78-35 
81-50 

78-57 


59-45 
68-45 
78-80 
72-05 


Year .... 


79-69 


79-92 


77-45 


69-80 



If we compare with this table the latitudes of the inte- 
rior boundary of the Trade-winds given from observations 
in the Atlantic and Pacific Oceans, we find the following 
results : — 

The northern limit of the zone of calms, i e. the lati- 
tude at which the NE. Trade-wind disappears in the neigh- 
bourhood of the equator, is, according to D' Apr6s : — 

In January and May, between 6° and 4° N. lat. 

February, „ 3 5 ,, 

March and April, „ 2 5 „ 

June at 10 „ 

July, August, and September, between 13 and 14 „ 

Seller* gave the following limits of the NE. Trade- 
wind in the year 1675, and at the same time the direc- 
tion of the SE. Trade-wind which is met with after leaving 
the zone of the NE. Trade-wind. 

In January "j » 

February J- . . 4° N. lat where the SE. and E. winds begin. 
March J 

* Quoted in Horsburgh, East India Directory , vol. i. p. 26, 2nd edit 
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In April . . . 5° N. Lat. where the SE. wind begins. 

May ... 6 SE., a little southerly. 

June ... 8 S. 

July ... 10 ...... S. 

August . . 11 S., a little westerly. 

September .10 S. 

October . . 8 S., a little easterly. 

November .6 SE. 

December .5 SE. 

From this we see clearly that the higher the SE. Trade- 
wind passes into north latitudes, after crossing the equator, 
the more is its direction altered from a south-easterly, 
through south, into a south-westerly. This is a necessary 
consequence of the diminution in the rapidity of rotation 
of the surface of the ground with which the air is in con- 
tact. Dampier gives the direction of the wind in the 
summer months between the equator and 12° N. lat., as 
SSE., SSW., and SW. Horsburgh {India Directory, voL i. 
p. 16) says, that the SE. Trade-wind, at its northern 
limit, has a nearly southerly direction, especially in July, 
August, and September. The same is true of other months. 
If you go further southward, the wind is more south-east. 
Basil Hall {Fragments of Voyages and Travels, second 
series, vol. i. p. 189) expresses himself quite as decidedly 
about the southerly winds which prevail at the northern 
limit of the SE. Trade-wind. He asserts that the easterly 
direction of the Trade-winds at their meeting, which is 
usually given on charts, is absolutely false, but is so preva- 
lent an opinion that young officers are usually much as- 
tonished to find themselves convinced of its error by their 
own experience, 

Horsburgh (vol. i. p. 25) gives the following table of 
the limits of the Trade-winds between the 18th and 26th 
degrees of W. long. It is taken from the observations of 
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149 ships, passing from the NE. Trade into the SE., and 
of 88 passing from the SE. into the NE. The latitude 
is north. 





Southern limit of 


Northern limit of 


Breadth of the 




the NE. Trade. 


the SE. Trade. 


intermediate zone. 


January . . . 


5° 45' 


2° 45' 


3° 0' 


February- 




6 


1 15 


4 45 


March . . 




5 8 


1 15 


3 45 


April . . 
May . . 




5 45 


1 15 


4 30 




6 30 


2 45 


3 45 


June . . 




9 


3 


6 


July . . 




12 


3 30 


8 30 


August . 




13 


3 15 


9 45 


September 




11 45 


3 


8 45 


October . 




10 


3 


7 


November 




8 


3 45 


4 15 


December 




5 30 


3 15 


2 15 



and hence for the different seasons : 



Winter . . . 


5° 


45' 


2° 


25' 


3° 


20' 


Spring .... 


5 


47 


1 


45 


.4 


2 


Summer . . . 


11 


20 


3 


15 


8 


5 


Autumn . . . 
Year .... 


9 


65 


3 


15- 


6 


40 


8° 


12' 


2° 


20' 


5° 


52' 



Kerhallet gives the following table of the extent of the 
Trade-winds in the Pacific Ocean, compiled from the obser- 
vations of 92 ships, (Considerations generates sur V Ocean 
Pacifique, 1856, p. 4) : — 





Polar Limit 




Equatorial Limit 






oftheNE. 


of the SR 


of the NE. 


of the SE. 


Breadth of the 




Trade, Lat.N. 


Trade, 


Lat.S. 


Trade, Lat.N. 


Trade, Lat.N. 


region of calms. 


January . . 


21° 0' 


33° 


25' 


69 30' 


5° 0' 


3° 30' 


February . . 


28 28 


28 


51 


4 1 


2 


2 1 


March . . . 


29 


31 


10 


8 15 


5 50 


2 25 


April . . . 


30 


27 


25 


4 45 


2 


2 45 


May . . . 


29 5 


28 


24 


7 52 


3 36 


4 16 


June . . . 


27 41 


25 





9 58 


2 30 


7 28 


July . . . 


31 43 


25 


28 


12 5 


5 4 


7 1 


August . . 


29 30 


24 


18 


15 


2 30 


12 30 


September 


24 20 


24 


51 


13 56 


8 11 


5 45 


October . . 


26 6 


23 


27 


12 20 


3 32 


8 48 


November 


25 9 


28 


39 


... 


... 


... 


December . . 


24 


22 


30 


5 12 


1 56 


3 16 
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From these tables we see that the variation in position 
of the zone of Calms takes place within narrower limits 
than that of the zone of maximum temperature, both as 
regards its approach to the equator as its motion away 
from it. We must, however, remember that the mean 
temperature at any latitude exerts an influence on 
that of the whole earth, while the position of the 
zone of Calms is only affected by that of the zone of 
Trade-winds. 

In the summer the south-east Trade-wind crosses the 
line and extends, as south-west Monsoon, up to the foot 
of the Himalayas. If we consider this to be the interior 
limit of the southern Trade- wind, it is evident that in the 
interior of Africa it must extend as far as the coast of 
Guinea. In fact, the inner northern limit of the southern 
Trade-wind may thus be shown, by considering the south- 
west Monsoon of the Indian Ocean as a modification of 
that wind, to he much further to the north of the equator 
than would appear to be the case from the consideration 
of the Trade-wind itself. The correspondence between 
the distribution of temperature and of the Trade-wind 
areas is consequently much closer than it would appear 
to be if we were to neglect the Monsoons. In the same 
way the same causes affect the approach of the interior 
southern limit of the NE. Trade to the equator, inasmuch 
as that wind in the Indian Ocean, during the winter 
months of the northern hemisphere, does not only reach 
the equator, but crosses it and appears in the southern 
hemisphere as north-west Monsoon. We are not yet in a 
position to determine the extent to which this takes place. 

Maury gives the following determinations of the ex- 
treme limits of the Trade-wind in the Atlantic Ocean. 
In summer this wind commences near the Azores, in 
winter to the south of the Canary Islands : — 
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Latitude of commencement of NE. Trade in 


Longitude, W. 


Winter. 1 Spring. 


Summer. | Autumn. 


70° 


28° 


28° -7 


29° -3 


29° 


65 


26 -3 


28 -0 


29 3 


28 -3 


60 


24 


24 -3 


27 3 


28 -3 


55 


22 


22 -7 


24 -7 


25 


50 


21 


23 -7 


28 *3 


23 -7 


45 


23 


24 -7 


31 3 


28 -7 


40 


27 '7 


29 -7 


30 -7 


29 3 


35 


26 


27 -3 


30 7 


25 -7 


30 


" 24 -3 


28 -7 


29 -7 


26 -7 


25 


25 -3 


24 -7 


31 -3 


26 -3 


20 


24 -3 


28 -3 


28 -7 


27 


15 


29 


31 


32 


31 -3 


10 




31 -3 


34 -7 


32 . 



EXTENT OF THE TRADE IN GEOGRAPHICAL MILES. 



Longitudo.W. 


Winter. 


Spring. 


Summer. 


Autumn. 


Year. 


50° 


274-5 


280-5 


285 


205-5 


261 


45 


304-5 


319-5 


340-5 


295-5 


315 


40 


375 


415-5 


3255 


300 


354 


35 


3555 


400-5 


325-5 


244-5 


332 


30 


334-5 


405 


289-5 


270 


325 


25 


330 


330 


310-5 


255 


306 


20 


304-5 


364-5 


264 


250-5 


296 


15 


346-5 


379-5 









A. balloon allowed to drift freely before the wind, 
although the direction of its motion may change fre- 
quently, will nevertheless be found, after the lapse of a 
certain period, at a definite distance in a determinate 
direction from the point of commencement of its motion. 
Lambert's formula gives this direction and the extent of 
the motion, considering as 100 the distance which it 
would have travelled if its motion during the whole 
period had been exclusively in this direction. Coffin 
(Winds of the Northern Hemisphere) has determined in 
this way the direction and intensity of the NE. Trade- 
wind in the Atlantic Ocean. 
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Coffin (loc. cit. p. 158) gives the following table of the 
directions : — 



REGION OF CALMS. 



Latitude .... 

Longitude .... 

Days .... 


0°— 6° 
3006 


50__ 10 o 

100—65° 

3330 


January 

February 

March 

ApriL. 

May . 

June . 

July . 

August 

September 

October 

November 

December 










8 81° 46' E 
N 83 31 E 
N 63 13 E 
N 62 18 E 
8 89 69 E 
S 47 46 E 
S 37 17 E 
S 20 62 E 
S 20 15 E 
8 38 E 
S 68 28 E 
S 68 23 E 


N 47° 5'E 
N 44 66 E 
N 45 3 E 
N 44 50 E 
N 55 38 E 
8 59 IE 
8 7 IE 
S 4 69 W 
S 8 26 W 
S 38 2 E 
S 82 15 E 
N 60 25 E 


Year 


S 60° 2' E 


N 80° 32' E 



EASTERN SIDE OF THE TRADE -WIND ZONE. 



Latitude . 


10°- 


-15° 


15°- 


-20° 


20°- 


-25° 


25°- 


-30° 


30O— 35° 


Longitude . 


15°- 


-45° 


15°- 


-45° 


15°- 


-45° 


15°- 


-45° 


150__ 45 o 


Days 


1860 


1332 


1334 


1622 


1749 


January . 


N55° 3(KE 


N50° 42*E 


N64° 


9'E 


N78° 26'E 


S 46° 8'E 


February . 


N64 


41 E 


N46 


48 E 


N56 


50 E 


N43 


35 E 


S 2 47 E 


March . . 


N55 


51 E 


N49 


29 E 


N26 


2E 


N80 


19 E 


S27 53 E 


April . . 
M!ay. . . 


N56 


44 E 


N49 


28 E 


N43 


0E 


N79 


39 E 


S 1 29W 


N49 


14 E 


N43 


60E 


N45 


34E 


N67 


39 E 


N88 32 E 


June . . 


N55 


0E 


N42 


8E 


N48 


49 E 


N42 


48 E 


N30 9W 


July . . 


N57 


2E 


N41 


26 E 


N37 


45 E 


N44 


35 E 


N32 35 E 


August . . 


N49 


18 E 


N40 


49 E 


N42 


IE 


N53 


HE 


S76 13 E 


September 


N46 


6E 


N54 


14 E 


N51 


8E 


N62 


36 E 


N14 40E 


October . 


N69 


20 E 


N54 


50 E 


N57 


58 E 


N73 


31 E 


N45 21 E 


November . 


N68 


54 E 


N60 


60 E 


N67 


70 E 


N78 


60 E 


S21 58E 


December . 


N61 


33 E 


N58 


5E 


N65 


9E 


N70 


27 E 


S42 25E 


Year . . 


N57° 25^ 


N49° 


l'E 


N55° 


20'E 


N62° 


53^ 


S44° 27^ 
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Latitude . 


10°- 


-15° 


15°- 


-20° 


20°- 


-25° 


25°- 


-30° 


300—35° 


Longitude 


45°- 


-75° 


45°- 


-80° 


45°- 


-80° 


45°- 


-80° 


45°— 75° 


Days . . 


662 


1190 


1573 


2906 


2564 


January . 


N55° 


CE 


N64° 21'E 


N 65° 29'E 


N42° SO'E 


S80° 1(KW 


February . 


N52 


12E 


N58 


25 E 


N75 


53 E 


N55 


7E 


S 79 16 W 


March . . 


N58 


14 E 


N67 


21 E 


N72 


33 E 


N74 


23 E 


S 73 19 W 


April . . . 


N59 


59 E 


N77 


27 E 


N82 


4E 


N78 


31 E 


S49 3W 


May. . . . 


N63 


8E 


N68 


21 E 


N80 


IE 


S63 


52 E 


S 62 43 E 


June . . . 


N51 


50 E 


N60 


20 E 


N80 


42 E 


S43 


17 E 


S 22 27 W 


July 


N56 


49 E 


N62 


25 E 


N78 


24 E 


S67 


2E 


S 8 41 E 


August . . 


N65 


14 E 


N70 


38 E 


N72 


6E 


S74 


51 E 


S 7 HE 


September 


N82 


29 E 


N83 


32 E 


N83 


0E 


S81 


43 E 


S49 8E 


October. . 


N73 


52 £ 


N83 


49 E 


S 68 


49 E 


S69 


14 E 


N85 7E 


November 


N57 


37 E 


N75 


48 E 


N79 


IE 


N66 


16 E 


S84 32 W 


December 


N45 


38 E 


N61 


5E 


N69 


52 E 


N70 


26 E 


N81 21W 


Year . . . 


N59° 


55'E 


N68° 


34^ 


N79° 23^ 


N79° 


4>E 


S31° 35^ 



The following are the values of the intensity, 100 being 
taken to represent the intensity if the wind had blown in 
the determined direction without interruption : — 



EASTERN SIDE OF THE TRADE-WIND ZONE. 



Latitude. 


0°— 5° 


5°— 10° 


10°— 15° 


15°— 20° 


20°— 25° 


25°— 30° 


30°— 35° 


January . 


53 


65 


85 


75 


38 


19 


12 


February 


54 


72 


81 


71 


53 


11 


25 


March. . 


52 


74 


89 


68 


21 


3 


9 


April . . 


56 


82 


88 


80 


51 


8 


31 


May. . . 


48 


69 


90 


81 


67 


8 


8 


June • . 


69 


33 


75 


90 


74 


35 


• 1 


July. . . 


82 


45 


42 


99 


85 


67 


22 


August . 


84 


71 


17 


75 


84 


61 


12 


September 


79 


58 


23 


76 


71 


33 


13 


October . 


72 


30 


55 


67 


50 


27 


8 


November 


80 


55 


78 


78 


53 


20 


29 


December 


56 


52 


78 


75 


59 


38 


26 


Year . . 


55 


34 


66 


775 


58 


26 


10 
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WESTERN SIDE OF THE TRADE-WIND ZONE. 



Latitude 


10°— 15° 


150__ 20° 


20°— 25° 


25°— 30° 


30°— 35° 


January 

February .... 

March 

April 

May 

June 

July 

August 

September . . . 

October 

November. . . . 
December. . . . 


87 
90 
87 
83 
89 
96 
89 
85 
55 
67 
89 
74 


78 
86 
75 
64 
84 
95 
87 
80 
73 
70 
72 
73 


35 
51 
38 
46 
65 
65 
81 
76 
54 
55 
52 
57 


15 
10 

3 
25 
43 
44 
57 
47 
35 
39 
45 

2 


16 
30 
21 
11 
14 
29 
35 
19 
19 
18 
10 
29 


Year 


82 


77 


55 


28 


11 



From these tables we obtain the following conclusions : 
— Between the equator and the parallel of 5° N. the wind 
is southerly throughout the year, with the exception of the 
months of February and March. Between 5° and 10° it 
is southerly in summer and autumn ; northerly in winter 
and spring. Between 10° and 25° it is north-easterly 
during all the months. Between 25° and 30° this direc- 
tion holds only on the eastern side of the Atlantic Ocean, 
as on its western side the wind is southerly during the 
summer months. From this we see that the exterior 
limit of the NE. Trade is a line which rises gradually from 
America to the north of Africa, so that a ship, on its 
passage from the temperate into the torrid zone, enters 
the Trade-wind on the eastern side of the Atlantic Ocean 
earlier than it would on the western side. Between 30° 
and 35°, southerly winds are prevalent over the whole 
ocean, but yet in such a way that their mean direction is 
more nearly SW. on the American side, and SE. on the 
European. 

The way in which this mean direction is compounded 
of the individual observed winds, is apparent from the 
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following table taken from Maury, (The Winds at Sea, 
their Mean Directioti, and Annual Average Direction 
from each of the Four Quarters) : — 



NORTH ATLANTIC OCEAN. 



Lat. N. 


NE. 


SE. 


SW. 


. NW. 


Calm. 


0°— 5° 


85 


192 


49 


11 


28 


5 — 10 


136 


91 


86 


18 


34 


10 — 15 


244 


60 


24 


19 


18 


15 — 20 


244 


89 


10 


13 


9 


20 — 25 


203 


96 


25 


25 


16 


25 — 30 


127 


99 


67 


51 


21 


30 — 35 


86 


88 


101 


73 


17 


35 — 40 


74 


65 


126 


86 


14 


40 — 45 


58 


68 


123 


100 


16 


45 — 50 


52 


57 


136 


107 


12 


50 — 55 


52 


85 


128 


86 


14 


55 — 60 


49 


51 


164 


95 


6 



The figures in the first column of the table indicate the 
number of days on which the direction of the wind was 
between N. and E. ; in the second the number on which 
it was between E. and S., &c. The appearance of the 
SE. Trade in the northern hemisphere is clearly indicated, 
as well as the predominant south-westerly direction in the 
temperate zone, and the prevalence of calms on the inner 
borders of both Trade-winds. The following is a similar 
table for the 

SOUTH ATLANTIC OCEAN. 



Lat. S. 


NE. 


SE. 


SW. 


NW. 


Calm. 


0°— 5° 


26 


314 


17 


4 


4 


5 — 10 


24 


329 


10 


2 


... 


10 — 15 


58 


295 


8 


2 


2 


15 — 20 


89 


244 


14 


12 


6 


20 — 25 


123 


157 


37 


39 


9 


25 — 30 


109 


124 


62 


62 


8 


30 — 35 


67 


108 


91 


89 


10 


35 — 40 


52 


55 


114 


135 


9 


40 — 45 


* 53 


35 


125 


142 


10 


45 — 50 


54 


24 


123 


155 


9 


50 — 55 


65 


19 


129 


146 


6 


55 — 60 


48 


18 


121 


167 


11 
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We see that the phenomena of the SE. Trade are even 
more clearly marked than those of the NE. Trade. The 
reason of this is evidently to be sought for in the fact 
that the predominance of water surface on the southern 
hemisphere secures a freer and more regular motion to 
the atmosphere. Another circumstance, the reasons of 
which will be hereafter indicated, exerts an influence, 
viz. that the number of cyclones in the northern portion 
of the torrid zone is greater than in the southern. If we 
count the wind from N. through E. to SW. and K from 
0° to 360°, we find the direction in the different quadrants 
to be nearly as follows : — 



Latitude. 


Northern Hemisphere. 


Southern Hemisphere. 


1 


2 


3 


4 


1 


2 


3 


4 


0°— 5° 
5 — 10 
10 — 15 
15 — 20 
20 — 25 
25 — 30 
30 — 35 
35 — 40 
40 — 45 
45 — 50 
60 — 66 
66 — 60 


52° 

53 

54 

66 

50 

49 

44 

42 

43 

46 

49 

35 


139° 

138 

115 

110 

125 

128 

138 

141 

141 

139 

139 

140 


204° 

210 

223 

218 

219 

219 

222 

225 

226 

228 

228 

227 


327° 

288 

318 

327 

322 

317 

314 

312 

310 

309 

308 

311 


60° 

69 

63 

55 

45 

44 

39 

38 

35 

27 

30 

36 


127° 

133 

130 

128 

133 

139 

139 

138 

142 

135 

141 

144 


213° 

211 

206 

209 

217 

218 

222 

227 

228 

234 

237 

239 


316° 

317 

327 

332 

327 

334 

317 

314 

315 

316 

315 

310 



For the Pacific Ocean the following table is given :- 

PACIFIC OCEAN. 



Lat.N. 


NE. 


SE. 


SW. 


NW. 


Calm. 


0°— 5° 


49° 


206° 


89° 


12° 


9° 


5 — 10 


134 


134 


54 


20 


14 


10 — 15 


266 


43 


19 


27 


10 


15 — 20 


243 


49 


15 


45 


13 


20 — 25 


212 


66 


25 


52 


10 


25 — 30 


142 


99 


60 


50 


14 


30 — 35 


96 


109 


92 


56 


12 


35 — 40 


93 


70 


96 


93 


13 


40 — 45 


66 


68 


113 


102 


16 


45 — 50 


62 


74 


110 


107 


12 


50 — 55 


56 


72 


123 


101 


13 


55 — 60 


58 


92 


119 


81 


15 
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PACIFIC OCEAN. 



Lat.S. 


NE. 


SE. 


SW. 


NW. 


Calm. 


0°— 6° 


76° 


229° 


27° 


25° 


8° 


6 — 10 


62 


243 


25 


25 


10 


10 — 16 


96 


219 


14 


25 


11 


15 — 20 


89 


216 


18 


29 


13 


20 — 25 


91 


195 


37 


29 


13 


25 — 30 


80 


154 


77 


41 


13 


30 — 35 


63 


103 


112 


74 


13 


35 — 40 


63 


54 


129 


106 


13 


40 — 45 


66 


35 


125 


141 


8 


45 — 50 


49 


32 


129 


147 


8 


50 — 66 


41 


36 


118 


164 


6 


65 — 60 


86 


30 


95 


186 


8 



In the West Indian Sea — 



Lat. N. 


NE. 


SE. 


SW. 


NW. 


Calm. 


10°— 15° 


260° 


82° 


6° 


5° 


12° 


15 — 20 


209 


120 


10 


12 


14 


20 — 25 


191 


103 


19 


30 


22 


26 — 30 


128 


106 


53 


68 


20 



If we compare the numerical values for the two oceans 
we can easily understand that while, on the one hand, the 
Spanish seamen called the tropical portion of the Atlantic 
Ocean el golfo de las Damas (the Ladies' Sea), because it 
was so easy of navigation that a girl might take the helm ; 
on the other hand Varenius should say that the sailors on 
leaving Acapulco might go to sleep, without minding the 
helm, as the wind was certain to take them to the 
Philippine Islands without altering their course. 

Maury gives the following table of the exact directions 
in the four quadrants : — 
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PACIFIC OCEAN. 



Latitude. 


Northern Hemisphere. 


Southern Hemisphere. 


1 


2 


3 


4 


1 


2 3 


4 


0°— 6° 
6 — 10 
10 — 16 
16 — 20 
20 — 26 
26 — 30 
30 — 36 
36 — 40 
40 — 46 
46 — 60 
60 — 55 
65 — 60 


67° 

64 

61 

61 

63 

63 

60 

42 

47 

43 

44 

47 


136° 

136 

120 

117 

118 

127 

132 

139 

133 

134 

137 

137 


210° 

213 

227 

227 

226 

223 

212 

222 

224 

227 

228 

227 


318° 

314 

320 

322 

322 

318 

316 

316 

311 

310 

308 

307 


69° 

67 

55 

68 

68 

64 

48 

38 

36 

31 

36 

38 


130° 

120 

126 

126 

128 

131 

139 

141 

140 

136 

141 

137 


216° 
229 
226 
218 
221 
219 
219 
" 223 
228 
233 
236 
236 


321° 

311 

322 

319 

321 

316 

311 

314 

313 

312 

307 

311 



The results obtained would be rendered more easy of 
comprehension if they had been calculated according to 
Lambert's method, in which the observed directions of 
the wind in the four quadrants are all projected on two 
directions at right angles to each other, viz. E. and W., 
and N. and S. The method which appears best adapted 
for seafaring men, is that of a graphical representation of 
the winds observed at various localities on the surface of 
the sea. This method has been followed with great 
success in the * Wind Charts ' of the Board of Trade, &c, 
published by Admiral Rtzroy in 1856, and in the ' Wind 
Charts of the South Atlantic Ocean,' and those * of the 
Western and Eastern Portions of the Indian Ocean ' for 
each month of the year.* In these cases, however, it 

* Windkaart van den Zmder Atlant. Oceaan — van het Westelyk Bed — • 
and van het Oostelijh Bed der Indische Zee. Published in the 2nd and 3rd 
volumes of the Uitkormten van Wetemhap en Ervaring aangaande Winden en 
Zeedroomingen in Sommige Gededten van den Oceaan. Uitgegeven door het Kon. 
Ned. Meteor. Instituut. Utrecht, 1859. (Results of Science and Experiment 
respecting the Winds and Marine Currents in certain Parts of the Ocean. 
Published by the Royal Meteorological Institute of the Netherlands. Utrecht, 
1859.) 
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would be necessary to give the numerical values from 
which the lines have been constructed, in order that the 
mean direction might be calculated with accuracy from 
the results. 

These numerical values are given in the 'Monthly 
Sailing Directions for the Voyage from Java to the British 
Channel ' * for the Atlantic Ocean, from which work I 
have taken the following tables. In the northern hemi- 
sphere I have combined together the three months cor- 
responding to the yearly meteorological seasons ; while 
for the southern I have only given the total for the whole 
year, inasmuch as the variation in that hemisphere in the 
course of the year is very slight. 

NOKTHEKN HEMISPHERE. 

WINTER. 



Latitude . . 


30°— 25° 


25°— 20° 


20°— 15° 


I50—IO 


10°— 5° 


5°— 0° 


Long. W. . 


25°— 45° 


25°— 45° 


25°— 45° 


20°— 40° 


15°— 35° 


15°— 35° 


N. 


63 


34 


25 


6 


39 


59 


NNE. 


143 


* 84 


59 


82 


325 


172 


NE. 


208 


271 


437 


620 


648 


. 256 


ENE. 


231 


288 


292 


146 


H7 


87 


E. 


153 


84 


56 


12 


58 


146 


ESE. 


80 


59 


7 


... 


16 


114 


SE. 


53 


31 


1 


... 


19 


273 


SSE. 


40 


17 


••fc 


... 


19 


291 


S. 


59 


17 


... 


... 


22 


120 


SSW. 


36 


11 


... 


... 


11 


36 


SW. 


33 


3 


... 


..» 


9 


9 


wsw. 


3 


... 


... 


... 


4 


8 


w. 


19 


2 




... 


10 


20 


WNW. 


16 


8 


... 


... 


2 


26 


NW. 


36 


16 


2 


... 


3 


27 


NNW. 


35 


13 


14 


... 


3 


23 



* Maandelijhsche ZeUandmjzingen van Java naar het kanaal, Utrecht, 
1859. 
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SPRING. 



Latitude . . 


30°— 25° 


25°— 20° 


20°— 15° 


15°— 10° 


10°— 5° 


5°— 0° 


Long. W. . 


250—45° 


25°— 45° 


25°— 45° 


20°— 40° 


15°— 35° 


15°— 35° 


N. 


34 


40 


10 


23 


186 


72 


NNE. 


41 


86 


36 


186 


655 


229 


NE. 


208 


244 


476 


588 


561 


230 


ENE. 


241 


381 


422 


127 


67 


101 


E. 


223 


160 


85 


9 


51 


187 


ESE. 


126 


62 


19 




16 


215 


SE. 


73 


19 


3 






16 • 


157 


SSE. 


44 


9 


6 






14 


148 


S. 


32 


12 


2 






28 


103 


SSW. 


41 


23 


2 






15 


28 


SW. 


46 


18 


6 






16 


27 


wsw. 


21 


12 


3 






5 


12 


w. 


20 


15 


8 






14 


32 


WNW. 


24 


8 


2 






12 


11 


NW. 


44 


11 


6 


1 


46 


25 


NNW. 


31 


16 


4 


6 


96 


34 



SUMMER. 



Latitude . . 


300—25° 


25°— 20° 


20°— 15° 


15V10° 


10°— 5° 


5°— 0° 


Long. W. . 


25°— 45° 


25°— 45° 


25°— 45° 


20°— 40° 


15°— 35° 


15°— 35° 


N. 


16 


1 


12 


159 


31 


2 


NNE. 


69 


22 


86 


284 


73 


2 


NE. 


279 


371 


475 


373 


86 


2 


ENE. 


279 


298 


174 


111 


32 


6 


E. 


103 


53 


16 


28 


22 


37 


ESE. 


44 


13 


... 


23 


16 


112 


SE. 


25 


4 


... 


25 


27 


191 


SSE. 


6 




... 


24 


92 


279 


S. 


7 




1 


42 


139 


122 


SSW. 


... 




... 


23 


127 


69 


SW. 


4 




... 


46 


113 


11 


WSW. 


2 




... 


48 


68 


3 


w. 


19 




... 


86 


76 


... 


WNW 


... 




1 


53 


35 


4 


NW. . 


9 


3 


1 


45 


52 


2 


NNW. 


6 


... 


... 


33 


10 


3 
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Latitude 


30°— 25° 


25°— 20° 


20°— 15° 


15o__ 10 o 


10°— 5° 


5°— 0° 


Long. W. . 


25°— 45° 


25°— 45° 


25°— 45° 


20°— 40° 


15°— 35° 


15°— 35° 


N. 


62 


68 


14 


51 


30 


1 


NNE. 


111 


131 


123 


238 


122 


3 


NE. 


183 


284 


423 


431 


216 


5 


ENE. 


220 


292 


179 


142 


118 


6 


E. 


110 


132 


76 


40 


81 


20 


ESE. 


69 


37 


11 


20 


42 


58 


SE. 


32 


6 


7 


13 


62 


163 


SSE. 


20 


... 


2 


.15 


84 


348 


S. 


25 


5 


••• 


35 


114 


187 


SSW. 


32 


... 


... 


11 


58 


92 


sw. 


30 


«•• 


3 


52 


66 


23 


wsw. 


13 


... 


2 


42 


50 


18 


w. 


11 


••• 


... 


18 


68 


5 


WNW. 


19 


2 


1 


24 


56 


6 


NW. 


39 


10 


... 


23 


32 


1 


NNW. 


37 


30 


... 


39 


14 


4 



SOUTHERN HEMISPHER E, 

YEAB. 



Latitude 


0°— 5° 


5°— 10° 


100—15° 


15°— 20° 


20°— 25° 


25°— 30° 


300—36° 


Longitude 


15°— 25°W 


10°— 15°W 


fio_ 15 o W 


0°— 10°W 


5°W— 10°E 


0°— 15°E 


10°— 20°E 


N. 










11 


34 


151 


NNE. 


... 


... 


... 


••• 


7 


11 


32 


NE. 


16 


7 


... 


24 


27 


20 


119 


ENE. 


58 


45 


66 


30 


19 


10 


79 


E. 


282 


173 


223 


204 


155 


45 


173 


ESE. 


640 


277 


1060 


818 


506 


175 


309 


SE. 


1950 


2530 


2478 


2474 


2488 


1722 


1147 


SSE. 


567 


358 


279 


507 


658 


821 


762 


S. 


147 


39 


50 


149 


383 


587 


807 


SSW. 


21 


... 




34 


97 


274 


574 


SW. 


11 


... 




8 


102 


360 


688 


wsw. 




... 




... 


23 


230 


437 


w. 


... 


... 




... 


29 


211 


576 


WNW. 


... 


... 






12 


105 


418 


NW. 


... 


... 




... 


22 


156 


549 


NNW. 


... 


... 




... 


7 


19 


151 



The greater constancy of the SE. Trade is very clearly 
seen from this, as well as its passage over the equator into 
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the northern hemisphere. On the whole, the results 
obtained by Dutch vessels confirm the calculations made 
by Coffin, from the data collected by Maury. 

2. The Upper Eeturn-Trade-Wind. 

In the preceding section we have seen that the air flows 
towards the equator from the poles of both hemispheres. 
In consequence of this tendency it would accumulate in 
the tropical regions, and its pressure, as indicated by the 
barometer, would continually increase, were it not that an 
efflux of the air in the opposite direction takes place in 
the upper strata of the atmosphere. A fact which bears 
visible testimony to the existence of this current is the 
motion of clouds, at a great height, against the Trade- 
wind, which has been observed from the surface of the 
earth, and expressly mentioned by many navigators. Of 
these we shall only cite Basil Hall and Paludan. Fendler, 
at Tovar in Venezuela, has proved the existence of the 
current numerically by observations carried on for a long 
series of years. The level at which this return current 
commences is so high, that it has not been ascertained with 
certainty by the ascent of the highest peaks of the Cor- 
dilleras in the vicinity of the region of Calms ; but yet the 
fact of its existence in that region has been clearly 
demonstrated. In the night of the 30th of April and 1st 
of May, 1812, explosions, as if of heavy ordnance, were 
heard at Barbadoes, so that the garrison of Fort St. Anne 
was kept under arms. At break of day on the 1st of 
May, the eastern part of the horizon was clear, while the 
remainder of the sky was enveloped in a black cloud. 
The darkness soon extended over the whole sky to such a 
degree that the place of the windows could not be seen 
in the apartments, while the trees gave way under the 
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load of ashes which fell on them. Where did these ashes 
come from ? In the months of April and May the Trade- 
wind is at its height, so that it would have been natural 
to conclude that they had come from the volcanoes of the 
Azores. The true source of the ashes was the volcano of 
Morne Garou, in the island of St. Vincent, which lies 100 
miles west from Barbadoes, and from which it is impos- 
sible to reach Barbadoes by sea without taking a very 
circuitous route, in consequence of the direction in which 
the Trade-wind blows. The ashes from the volcano had 
been thrown by the violence of the eruption through the 
under Trade-wind into the upper counter-current. Again, 
on the 20th of January, 1835, the whole isthmus of 
Central America was shaken by an earthquake which 
accompanied the eruption of the volcano of Coseguina, on 
the Lake of Nicaragua. The violence of the eruption 
was enormous, so that the sounds were heard at Sta F6 
de Bogotd, at a distance of 1,000 miles ; while the cloud 
of ashes was so dense that Union, a seaport town on the 
west coast of the Bay of Conchagua, was enveloped, in 
total darkness for forty-three hours. Ashes fell also at 
Kingston, and at other places in Jamaica, so that the 
inhabitants were able to learn that the explosions which 
they had heard had not been those of cannon. These 
ashes could not have been carried to Jamaica except by 
the counter-trade-wind, as that island lies to the north- 
east of Nicaragua. 

The fact that ashes from low volcanoes, like Morne 
Garou and Coseguina, reached the upper current, proves 
that the eruptions must have been of extraordinary 
violence. This was the case with Morne Garou, as the 
eruption to which we have referred formed part of a series 
of stupendous volcanic phenomena, and marked the finale 
of the disturbance. In June and July, 1811, Sabrina 
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Island rose out of the sea, near St. Michael, one of the 
Azores. The island was raised to a height of 300 feet 
above the level of the sea, which is 150 feet deep at the 
place, and it was an English mile in circumference. This 
event was followed by the continual earthquakes which 
were felt for months in Arkansas and Ohio, and finally by 
the total destruction of the city of Caraccas on the 26th 
of March, 1812. It was not until May that the volcanic 
energies, which had been so long struggling to get free, 
burst open the vent of Morne Garou, which had been 
closed for a century. The noise of the eruption was 
heard at Bio Apure, which is about as far from the 
volcano as Naples is from Paris. 

Halley was the first to assert the existence of an upper 
current in the opposite direction to the Trade-wind.* He 
says, ' The north-east Trade-wind below will be attended 
with a south-westerly above, and the south-easterly with a 
north-westerly above : that this is more than a bare con- 
jecture, the almost instantaneous change of the wind to 
the opposite point, which is frequently found on passing 
the limits of the Trade-winds, seems to assure us.' 

Halley accordingly considered the south-west wind at 
the outer limit of the north-east Trade, and the north- 
west wind at the outer limit of the south-east Trade to be 
the upper Eeturn-Trade-wind reaching the surface of the 
earth. The only reason he gives for it is, that it is pro- 
duced ' by a kind of circulation.' The phenomenon is, 
however, a necessary consequence of Halley's theory, 
who says f , ' The north-east and south-east winds between 
the tropics must be compensated by as much south-west 

* ' An Historical Account of the Trade-winds and Monsoons observable in 
the Seas between and near the Tropic, with an Attempt to assign the Phy- 
sical Cause of the said Wind.'— PkU. Trans. 1686, p. 167. 

t 'The Cause of the General Trade-wind.' ~ PhU. Tram. 1735, p. 62. 
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and north-west winds in other parts, and generally all 
winds from any one quarter must be compensated by a 
contrary wind somewhere or other ; otherwise some 
change must be produced in the motion of the earth 
round its axis.' 

Leopold von Buch was the first to point.out the effect 
which this descent of the Eeturn-Trade-wind has on the 
winds of the temperate zone. This he has done in his 
remarks on the climate of the Canary Islands.* 

It is very remarkable and instructive, as well as of the greatest 
importance for the science of meteorology, to observe the mode in 
which this NE. Trade is displaced by the SW. winds towards winter. 
These winds do not commence to the southward and move up 
northwards, but are felt first on the coast of Portugal, then at 
Madeira, and afterwards at Teneriffe and the Canaries. They 
descend as gradually from the upper strata of the atmosphere as 
they come down from the northward. They had existed con- 
tinually at this high level, even throughout the summer, when 
the NE. Trade-wind was blowing with the greatest violence at 
the sea-level ; for the peak of Teneriffe is high enough to reach 
the upper current even at midsummer. It is hard to find any 
account of an ascent of the peak in which the strong west wind 
which had been met with on the summit is not mentioned. 
Humboldt ascended the peak on the 21rftof June; when he 
reached the edge of the crater he could scarcely keep his feet, 
such was the violence of the west wind {Relat. i. p. 132). If 
such a wind had been felt at Santa Cruz or Orotava at that 
season, the inhabitants would have been quite as much aston- 
ished as those of Barbadoes were at the ashes which fell there. 
I found a similar west wind, although not so high, at the sum- 
mit of the peak on the 19th of May. George Glass, an atten- 
tive and accurate observer, who as a seaman had closely studied 
the winds of the Canary Islands for many years, says in his 

* Phystkalische Beschretbung der Canarischen Ihseln (Physical Description 
of the Canary Islands), 1825, p. 67. 
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€ History of the Canary Islands ' (p. 251), that 'a strong west- 
erly wind is constantly blowing at the highest points of these 
islands, during the prevalence of the NE. wind below. This,' 
he adds, < I believe to be the case in all parts of the world where 
the Trade-winds are felt. I do not venture to explain this 
phenomenon, but so it is at the top of the Peak of Teneriffe, 
and on the mountains of some others of these islands.' Glass 
knew the islands too well not to speak from his own experience 
on this subject. 

These winds descend slowly down the sides of the mountains 
from the higher strata of the atmosphere. This is clearly to be 
seen by the clouds from the south, which have enveloped the top 
of the peak ever since October. They appear lower and lower, 
and at last rest on the crest of the mountains lying between 
Orotava and the south coast, which are about 6,000 feet high, 
and break up there in fearful thunder-storms. Perhaps a 
week or more elapses after this before they are felt at the sea- 
level. There they stay for months. Rain falls only on the 
slopes of the mountains, and the peak covers itself with snow. 
Can one help believing that the west wind which sailors look 
for, on the summer voyage from Teneriffe to England, in the 
neighbourhood and at the level of the Azores, and which they 
usually find there — that the nearly invariable west or south- 
west wind, which makes sailors call the voyage from New York 
or Philadelphia to England down-fiUl, and that from England 
back again up-hitt 9 Is not, as well as the west wind on the sum- 
mit of the peak, the upper equatorial current, which descends 
here to the level of the sea? It would follow from this that the 
upper equatorial current does not reach the pole, at least over 
the Atlantic Ocean. 

We are indebted to Piazzi Smith * for more accurate 
data as to the boundaries of the two currents. The ver- 
tical depth of the under NE. Trade was found to be 9,000 
feet. The cloud stratum did not lie, during the preva- 

* t An Astronomical Experiment on the Peak of Teneriffe.' — Phil. Trans. 
1859, p. 627. 



Digitized byLjOOQlC 



THE UPPER RETURN-TRADE-WIND. 41 

lence of the NE. wind below, between that current and 
the SW. current above, but was to be found nearly in the 
centre of the under current, at a height of about 4,000 or 
5,000 feet above the sea-level. 

The fact that Goodrich found, in April, a SW. wind at 
the top of Mouna Kaa, while the NE. Trade-wind was 
blowing at the lower. levels of the island of Hawaii, proves 
that the phenomena observed at the Canary Islands are 
true for all places situated at the outer edge of the Trade- 
wind zone. 

If we were able to determine by actual experiments on 
a series of lofty peaks the direction of the wind at various 
heights, we should be in a position to gain a more accurate 
insight into the ratio between the volumes of the direct and 
counter currents. The barometer gives us the total pressure 
produced by the conjoint action of both currents, and by 
means of this instrument we can see very clearly that the 
atmospheric pressure at the interior edges of the Trade- 
wind zones, where the air rises, is materially less than at 
their outer edges, where the upper Trade-wind descends. 
A. von Humboldt was the first to draw attention to the 
diminution of pressure in the vicinity of the equator, and 
L. von Buch to the relatively increased pressure in the 
vicinity of the Canary Islands ; but A. Erman and Herschel 
were the first to prove that the passage of the one condi- 
tion into the other was gradual. It is very clearly per- 
ceptible in the new tables of observations made by the 
Dutch marine. We may also observe in these tables the 
close accordance between the variable place of ascent and 
the district of maximum temperature, pointed out above 
(page 21). The following table gives, in decimals of an 
incljj the differences from the mean height of the baro- 
meter observed in the Atlantic Ocean, from lat. 35° N. to 
36° S., and also the limits of the zone of Calms. 
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ATMOSPHERICAL PRESSURE IN THE TRADE-WIND ZONE 
ATLANTIC OCEAN. 



Latitude 


Winter 


Spring 


Summer 


Autumn 


N 35°— 30° 


+ 0192 


+ 0-122 


+ 0171 


+ 0-083 


30 —25 


+ 0173 


+ 0146 


+ 0-134 


+ 0078 


25 —20 


+ 0-067 


+ 0-087 


+ 0050 


- 0002 


20 —15 


+ 007 


+ 0008 


- 0-048 


- 0049 


15 —10 


- 0062 


- 0042 


- 0-103 


- 0093 


10—5 


- 0104 


- 0-107 


- 0120 


- 0112 


5—0 


- 0119 


- 0133 


- 0121 


- 0*093 


S — 5 


- 0-117 


- 0111 


- 0-087 


- 0069 


5—10 


- 0072 


- 0-076 


- 0056 


- 0024 


10 —15 


- 0033 


- 0-029 


- 0004 


+ 0-027 


15 —20 


+ 0-007 


+ 0-018 


+ 0045 


+ 0049 


20 —26 


+ 0042 


+ 0-050 


+ 0-077 


+ 0124 


25 —30 


+ 0050 


+ 0-050 


+ 0073 


+ 0-085 


30 —36 


- 0-030 


+ 0029 


+ 0-028 


+ 0046 


Mean height . 


30020 in. 


30-025 


30-057 


30-039 


S. limit of the 










NE. Trade . 


5° 45' 


5° 47' 


11° 20' 


9° 55' 


N. limit of the 










SE. Trade . 


2° 25' 


1° 45' 


3° 15' 


3° 15' 



Were the district of maximum rarefaction to reach 
higher latitudes in summer, the SE. Trade would extend 
still further over the equator into the northern hemisphere, 
and its direction would be altered through south finally 
into south-west, in consequence of its now passing over a 
series of points, whose velocity of rotation is continually 
decreasing. Under these circumstances, all places situated 
in the northern portion of the torrid zone would he in the 
region of this southern Trade-wind, whose direction would 
have been changed to south-west, as long as the sun 
was on the northern side of the equator. During the 
winter they would lie in the northern Trade- wind, and 
the region of Calms would pass over them twice a year. 
Thus their permanent Trade- wind would be changed into 
a wind which changed periodically (a Monsoon). This 
really happens in the Indian Ocean, and we must there- 
fore submit the laws of its winds to a special investiga- 
tion. 
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II.— The Yearly Periodical Winds. 

1. THE MONSOONS OF THE EAST INDIES. 

It would be more correct to describe the Trade-wind as 
an imperfectly developed monsoon, than to consider the 
latter as a modification of the former. Monsun (Malay 
musim) is derived from mausim, the Arabic for season. 
The Greeks learnt the fact of its existence during the 
expeditions under Alexander. Arrian says that according 
to the observations of Hippalus, who gave it the name of 
Libonotus, this wind appears in the Indian Ocean at the 
same time as the Etesian winds prevail in the Mediter- 
ranean, and that navigation from the ports was not prac- 
ticable until the appearance of this southerly wind, 
which blew from the sea towards the land. In this he 
agrees with Aristotle, who describes expressly the regular 
alternation of the winds in those seas. Marco Polo first 
heard of it at Mangi, as the inhabitants of that place sail 
in winter to the Spice Islands near Zipangri (Ceylon), and 
return in summer with a wind in the opposite direction. 
The knowledge which the Arabs had of the phenomenon 
went very much into detail; for Sidi AH, in his work 
Mohit, on the navigation of the Indian Ocean, compiled 
out of ten Arabic works, and published in 1554, gives 
the time of commencement of the Monsoon at fifty dis- 
tinct places. 

Halley {Phil. Trans. 1686, p. 158), describes them in the 
following words: — 
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Between the latitudes of 10° and 30° south, between Ma- 
dagascar and Hollandia Nova, the general Trade-wind about the 
SE. by E. is found to blow all the year long, to all intents and 
purposes, after the same manner as in the same latitudes in the 
Ethiopic Ocean, as it is described in the fourth remark afore- 
going. 

The aforesaid SE. winds extend to within 2° of the equa- 
tor, during the months of June, July, August, &c., to No- 
vember, at which time between the south latitudes of 3° and 
10°, being near the meridian of the north end of Madagascar, 
and between 2° and 12° south latitude, being near Sumatra and 
Java, the contrary winds from the NW. or between the north 
and west, set in and blow for half the year, viz., from the 
beginning of December till May ; and this monsoon is observed 
as far as the Molucca Isles, of which more anon. 

To the northward of 3° south latitude, over the whole 
Arabian or Indian Sea and Gulf of Bengal, from Sumatra to 
the coast of Africa, there is another monsoon, blowing from 
October to April upon the north-east points ; but in the other 
half year, from April to October, upon the opposite points of 
SW. and WSW., and that with rather more force than the 
other, accompanied with dark rainy weather, whereas the NE. 
blows clear. 'Tis likewise to be noted that the winds are not so 
constant, either in strength or point, in the Grulf of Bengal, as 
they are in the Indian Sea, where a certain steady gale scarce 
ever fails. 'Tis also remarkable that the SW. winds in these 
seas are generally more southerly on the African side, more 
westerly on the Indian. 

To the eastward of Sumatra and Malacca, to the northward 
of the line, and along the coast of Camboia and China, the 
monsoons blow north and south, — that is to say, the NE. winds 
are much northerly, and the SW. much southerly. This con- 
stitution reaches to the eastwards of the Philippine Isles, and 
as far northerly as Japan. The northern monsoon setting in 
in these seas in October or November, and the southern in 
May, blowing all the summer months. Here it is to be noted 
that the points of the compass, from whence the wind comes in 
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these parts of the world, are not so fixed as in those lately 
described ; for the southerly will frequently pass a point or two 
to the eastwards of the south, and the northerly as much to the 
westwards of the north, which seems occasioned by the great 
quantity of land which is interspersed in these seas. 

In the same meridians, but to the southwards of the equa- 
tor, being that tract lying between Sumatra and Java to the 
west, and New Guinea to the east, the same northerly and 
southerly monsoons are observed, — but with this difference, that 
the inclination of the northerly is towards the NW., and of the 
southerly towards the SE. ; but the plagce venti are not more 
constant here than in the former, viz. variable 5 or 6 points. 
Besides, the times of the change of these winds are not the 
same as in the Chinese seas, but about a month or six weeks 
later. 

These contrary winds do not shift all at once, but in some 
places the time of the change is attended with calms, in others 
with variable winds ; and it is particularly remarkable that the 
end of the westerly monsoon on the coast of Coromandel, and 
the two last months of the southerly monsoon in the seas of 
China, are very subject to be tempestuous. The violence* of 
these storms is such that they seem to be of the nature of the 
West India hurricanes, and render the navigation of these parts 
very unsafe about that time of the year. These tempests are by 
our seamen usually termed the breahmg-up of the monsoons. 

Capper (Observations on the Winds and Monsoons, 
London, 1801, p. 42) gives a more accurate account of 
these intermediate periods : — 

On the Coromandel coast, between the end of one monsoon 
and the commencement of the other, the winds are variable, 
partaking of both directions. Calms often last through the 
whole of September, and into October. As soon as the sun 
commences to approach the zenith from the southward, the 
NE. monsoon loses its power, and there is a daily alternation of 
land and sea breezes, — a phenomenon not observed at its com- 
mencement. At this time the wind on the coast seems to 
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follow the sun regularly, as it shifts through the whole compass 
every twenty-four hours. The violent storms do not occur at 
the breaking-up of the monsoon, but some time afterwards. 

According to Horsburgh ( India Directory r , vol. ii. p. 
200), the months of October and May are the months of 
change for the SW. and NE. monsoon north of the equa- 
tor, and the months of April and October for the NW. 
and SE. monsoon south of the equator. He places the 
northern limit of the latter at lat. 2° N., and its southern 
limit at lat. 12° S. He places the extreme eastern limit 
of the district at 145° E. longitude near the Ladrone 
Islands. According to Goldingham's observations in 
Madras, carried on for a space of twenty-one years, the 
NE. monsoon lasts there from the 19th of October to the 
2nd of March. Its setting-in varies from the 29th of 
September to the beginning of November. At Angara- 
kandy, on the Malabar coast, the SW. monsoon begins, 
according to Brown, on an average on the 31st of May, 
but varies between the 20th of May and 18th of June. 
According to Jansen, the change takes place in the fol- 
lowing way in the Java seas : — 

During the month of February the W. monsoon is still 
strong and steady ; in March it is interrupted by calms and 
squalls, which become less frequent and less violent in April. 
Now the easterly winds break in suddenly, clouds collect and 
darken the sky, while there are incessant thunder-storms by 
day and night, and waterspouts are very common. If the wind 
change again to W. or N. the sky clears again ; but this wind 
does not last, and the clouds soon reappear. The rain gra- 
dually ceases during the daytime, and SE. winds prevail 
throughout the month of May. At the time of the reverse 
change of the E. with the W. monsoon, the calms last for a 
shorter period, as the wind assumes a decided NW. direction at 
once, and the showers of rain, accompanied by violent squalls, 
are only felt for a short time. Thunder-storms are abundant, 
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but only on land or close to the coast. Towards the end of 
November the NW. monsoon is permanent. 

Observations carried on for a series of years (1850 — 
1856) at Palembang, on the north coast of the south-east- 
ern part of Sumatra, have led to the following results : — 
Prom November to March the prevalent winds are west- 
erly and north-westerly. This is the regular rainy season, 
during the west monsoon. April is the month of change 
of the monsoon (Kentering der Moesons), when thunder- 
storms are most frequent. From May till September east- 
erly and south-easterly winds (Oostmoeson) are predomi- 
nant, and the change comes in September or October. 
From this it appears that the wind shifts pretty regularly 
round the compass, for its mean direction for each month, 
in order, counting from south to west, is 7° W., 20° W., 
30° W., 28° N., 79° N., 85° N., 6° K, 21° K, 18° K, • 
25° E., 30° S., 4° W. 

At Padang, the regular monsoon is nearly entirely con-, 
ceaied by the daily alternation of the land and sea-breezes, 
setting in nearly at right angles to the coast, which runs 
from NNW. to SSE. The land-wind is ENR, the sea- 
breeze WSW. The greater abundance of rain and the 
increased frequency of thunder-storms in the months of 
March and April, and in those of October and December, 
remind one of the change of the monsoons. 

At Banjermassing, on the south coast of Borneo, the 
SW. monsoon prevails from December to March, the SE. 
monsoon from April to October. The change seems to 
be of short duration. Bain is most abundant from July 
to October, while thunder-storms are more frequent in 
the months of November, December, and May, at times 
consequently later than the changes of the monsoons. 
There is, however, in this respect, a considerable variation 
between individual years. In 1851, eighteen thunder- 
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storms were observed, while eighty-three took place in 
1857. A closer examination of the direction of the wind 
leads to the following results : — The predominant direction 
of the wind in December is SW. and WSW., and it be- 
comes more westerly in January and February. In March 
the direction during the day is less constant. In April 
the SE. wind becomes prevalent and increases in steadi- 
ness up to August and September. In October it gets 
round to the southward. In November this is the case, 
in the morning hours, in a still higher degree ; in fact, in 
the afternoon, the wind goes somewhat past south towards 
the west. At last in December the SW. monsoon is defi- 
nitely established. 

I take these determinations from Krecke's compendious 
investigation of the observations contained in the ' Meteor- 
ological Observations in the Netherlands and their terri- 
tories.'* 

If we determine the mean directions of the wind, from 
the ship's pbservations of individual directions collected 
by Maury, by Lambert's formula, as Coffin has done for 
the Atlantic Ocean, we obtain the following results : — 





North Latitude 


South Latitude 


25°— 20° 


20°— 15° 


15°_10° 


10°— 5° 


5°— 0° 


0°— 5° 


5°— 10° 


January . 


NE 


NE 


NE 


NE 


NNE - 


W 


s 


February 


WNW 


WSW 


NE 


NE 


NNE 


WNW 


SW 


March 


WSW 


NNE 


NE 


NE 


NE 


WNW 


SW 


April . . 


ssw 


ssw 


S 


SSE 


SW 


WNW 


SW 


May . . 


ssw 


ssw 


SSW 


SW 


SW 


SW 


SE 


June . . 


ssw 


SW 


SW 


SW 


SW 


SSE 


SE 


July . . 


ssw 


SW 


WSW 


SW 


SSW 


SSW 


SE 


August . 


ssw 


SW 


SW 


SW 


SW 


S 


SE 


September 


ssw 


ssw 


SW 


SW 


SW 


SE 


ESE 


October . 


ESE 


NE 


SSE 


SW 


WSW 


S 


ESE 


November 


NNW 


NNE 


NE 


NE 


WSW 


WSW 


NNE 


December 


NNE 


NNE 


NE 


ENE 


NNW 


w 


W 



* Meteorologische Waamemingen in Nederland en zyne Bezittingen. 
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The following table is more accurate : in it the angles of 
the direction of the wind are taken from S. through E. 
round to W. : — 



• 


North Latitude 


South Latitude 


25°- 


-20° 


20°- 


»15° 


15°- 


-10° 


10°- 


- 5° 


5°- 


- 0° 


0°- 


- 5° 


5°— 10° 


January . 


214° 26' 


215° 


53' 


230° 51' 


227° 


13' 


210° 


14' 


89° 55' 


349° 49' 


February. 


119 


1 


68 


14 


227 


29 


226 


3 


209 


47 


108 


7 


53 45 


March 


62 


14 


212 


42 


219 


43 


223 


24 


217 


2 


104 


27 


40 38 


April . . 


33 


10 


34 


39 


356 


28 


330 


59 


52 


15 


109 


19 


287 22 


May . . 


25 


3 


30 


43 


24 


18 


55 


35 


37 


45 


36 


13 


318 1 


June . . 


30 


53 


39 


31 


41 


16 


46 


40 


56 


24 


349 


68 


304 18 


July . . 


23 


30 


47 


17 


50 


41 


64 


6 


29 


38 


32 


13 


316 49 


August . 


30 


15 


42 


40 


52 





35 


10 


47 


46 


359 


49 


306 60 


September 


23 


24 


48 


10 


52 


15 


49 


43 


42 


3 


306 





299 35 


October . 


283 


6 


216 


2 


325 


45 


64 


18 


64 


8 


358 


63 


289 33 


November 


161 


20 


203 


65 


225 


11 


235 


56 


76 


17 


67 


27 


20 12 


December 


203 


24 


212 


41 


233 


12 


247 


4 


149 


30 


79 


57 


88 38 



The next table gives the intensity, 100 being taken for 
the intensity if the wind had blown from the same quar- 
ter without interruption : — 





North Latitude 


South Latitude 


26°— 20° 


20°— 15° 


15°— 10° 


10°— 5° 


5°— 0° 


0°— 6° 


6°— 10° 


January 


32 


59 


69 


63 


44 


27 


29 


February 


13 


14 


69 


74 


49 


39 


29 


March. 


59 


48 


39 


73 


37 


21 


17 


April . 
May . 


71 


68 


11 


29 


33 


18 


26 


84 


75 


66 


76 


74 


22 


38 


June . 


83 


83 


93 


81 


83 


49 


49 


July . 


70 


84 


93 


70 


70 


64 


76 


August 


87 


74 


82 


65 


67 


48 


80 


Septembei 


28 


57 


78 


91 


65 


41 


58 


October 


30 


22 


18 


37 


61 


16 


65 


November 


29 


69 


68 


13 


48 


35 


9 


December 


79 


77 


73 


39 


16 


42 


31 


Mean . 


55-4 


60-8 


62-4 


593 


539 


35-2 


421 
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We see from this that the minimum intensity of motion 
is in the vicinity of the equator, and this fact is more 
clearly marked to the south than to the north of the line. 
We cannot here speak of a zone of Calms, as in the 
region of the Trade-winds, inasmuch as there is a constant 
current during the summer months, the direction of which 
changes, on crossing the line, from that of the SE. Trade- 
wind to one which is south-westerly. We see, however, 
that the line of partition between the northern and south- 
ern hemisphere falls in this district within the latter, if 
we assume the least value of the mean intensity of both 
currents to indicate that line. 

The Dutch observations made at Nangasaki in Japan 
(1845 — 55) afford us accurate information about the 
winds at the outer limit of the Monsoon area. In the 
month of September the wind is NNE. and in October it 
gets round toward N. From November to January the 
mean direction varies a few degrees from N. on the west 
side, and becomes more westerly in the succeeding months, 
so that it is nearly WNW. in April. In June, however, 
it is nearly NNW. again. From June to August the pre- 
valent winds are SW., and they are most southerly in July. 
The months of change of the Monsoons are accordingly 
April and May on the one hand, and August and Septem- 
ber on the other. Thunder-storms are not common ; they 
are most frequent in March, July, and August. 

We have seen that the Trade-winds set in from both 
sides to that parallel of latitude within the torrid zone at 
which the total pressure of the atmosphere is least. This 
result accords perfectly with a hypothesis, which must ne- 
cessarily be admitted to be allowable, that the air rises there. 
In former works I have demonstrated that the same fact is 
true of the Monsoons, and it will therefore suffice for my pre- 
sent purpose to quote from them the following statements : — 
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The dry air, and the aqueous vapour disseminated 
through it, exert a pressure in common on the barometer. 
Hence we see that the barometrical column consists of 
two portions, of which one is due to the dry air, jthe other 
to the aqueous vapour. From this it is clear that, since 
on a rise of temperature, the air increases in volume, 
rises, and flows away in the upper strata of the atmosphere, 
while, owing to the same rise of temperature, the evapora- 
tion is increased, and with it, the elastic force of the vapour 
contained in the air ; we shall be able to trace an evident 
connection between the periodical variations of the baro- 
meter and of temperature. Until we can ascertain the 
quantitative relation of both these variations, which take 
place simultaneously, but in opposite directions, we are 
unable to determine whether the total pressure is increased 
or diminished by a rise in temperature, or whether at one 
period the total variation is not in the one direction, and 
at another in that which is opposite. We must therefore 
consider the variations of the pressure of dry air and of 
aqueous vapour separately, in order to be able to under- 
stand the periodical barometrical observations. For this 
we have the following rules : — 

(1.) At all points of observation, in the torrid and tem- 
perate zones, the elastic force of the aqueous vapour con- 
tained in the air increases with a rise of temperature. 
This increase from the colder to the warmer months is 
greatest in the region of the Monsoons, especially towards 
the northern limits of that area. The form of the curve, 
which represents the elastic force in this area, is not de- 
cidedly convex, for the tension of aqueous vapour under- 
goes such a slight alteration during the SW. Monsoon, that it 
remains nearly constant for several months, and accordingly 
the vertex of the curve becomes a right line. In the vicinity 
of the equator, the change from the convex curve of the 

E 2 
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northern hemisphere to the concave curve of the southern 
is observable at Buitenzorg in Java. The point where 
this change takes place in the Atlantic Ocean appears to 
he farther to the north of the equator. 

The following table* gives the tension of aqueous va- 
pour in English inches for a series of stations situated 
either actually in the region of the northern Monsoon, or 
in its immediate neighbourhood. The results have been 
obtained by hygrometrical observations. The pressure of 

TENSION OF AQUEOUS VAPOUR. 





Jan. 


Feb. 


Mar. 


April 


May 


June 


July 
0-364 


Aug. 
0-323 


Sept. 


Oct 


Nov. 


Dec 


Year. 


Yakutsk . . 








... 


0-142 


0-294 


0-228 


0-083 








Baganida, 1 . 


... 


••• 




0041 


0-085 


0-179 


0-312 


0-274 


0149 


0098 


... 


... 


... 


Ajansk, 2 . . 


0037 


0-060 


0*082 


0-112 


0176 


0-246 


0343 


0-366 


0-279 


0134 


0-074 


0045 


0162 


Pekin, 12 . . 


0*080 


0-099 


0134 


0-216 


0-324 


0-506 


0-714 


0-664 


0-447 


0-251 


0-138 


0-090 


0-306 


Nangasaki. . 


0-234 


0-241 


0222 


0-402 


0-479 


0-616 


0-795 


0-827 


0-709 


0-487 


0-346 


0-272 


0-470 


Hongkong, 1 . 


0-371 


0-357 


0-616 


0-698 


0-817 


0-906 


0-917 


0-900 


0-842 


0-705 


0-660 


0-447 


0-678 


Nertschinsk, 9 


0014 


0-023 


0057 


0-107 


0175 


0-344 


0-444 


0-279 


0-236 


0-096 


0045 


0022 


0153 


Barnaoul, 9 . 


0-048 


0-058 


0-094 


0163 


0-213 


0-336 


0-433 


0-381 


0-256 


0164 


0087 


0-064 


0191 


Tomsk, 1% . . 


0-063 


0-043 


0-078 


0-163 


0-243 


0-367 


0*476 


0-458 


0-296 


0151 


0061 


0075 


0-206 


Bogoslowsk . 


0045 


0-057 


0-078 


0120 


0-180 


0-283 


0-395 


0-321 


0-242 


0149 


0-088 


0-063 


0168 


Slatonst . . 


0-053 


0-073 


0090 


0160 


0-220 


0*328 


0-416 


0-343 


0-251 


0160 


0101 


0066 


0*188 


Catherinenburg 


0057 


0-071 


0'089 


0137 


0-209 


0-314 


0-4ld 


0-344 


0-252 


0163 


0104 


0-072 


0-185 


Nishne Tagilsk 


0*050 


0-080 


0101 


0-166 


0*219 


0*340 


0-488 


0-421 


0-260 


0-193 


... 


... 


... 


Orenburg, 9 . 


0-074 


0068 


0092 


0*158 


0*282 


0344 


0-406 


0-375 


0-257 


0161 


0-100 


0-082 


0-200 


Derbent, 4} . 


0-178 


0193 


0-216 


0-279 


0*429 


0542 


0-634 


0-642 


0-497 


0-428 


0-345 


0-223 


0-384 


Baku, 7$ . . 


0-201 


0-201 


0*220 


0^299 


0-651 


0*680 


0*701 


0-547 


0-547 


0-451 


0-313 


0-243 


0-413 


Lenkoran, 7 • 


0-209 


0236 


0-272 


0-357 


0-517 


0615 


0-701 


0-698 


0-581 


0-476 


0-340 


0-229 


0436 


Alexandropol. 


0-085 


0-098 


0124 


0182 


0*272 


0-361 


0-367 


0-362 


0-281 


0-225 


0160 


0-126 


0*220 


Alagir, 2 . . 
Tiflis, 13 . . 


0-148 


0-131 


0168 


0-234 


0-373 


0-441 


0-506 


0-491 


0-362 


0-310 


0193 


0166 


0293 


0149 


0-J61 


0-184 


0-261 


0-363 


0-419 


0-476 


0-478 


0-400 


0-323 


0-239 


0-172 


0-301 


Kutais, 3 . . 


0-190 


0-206 


0-225 


0-305 


0454 


0-551 


0-632 


0-678 


0-539 


0-407 


0-288 


0-207 


0389 


Redout Kale, 8 


0194 


0-206 


0-237 


0-322 


0-436 


0-568 


0647 


0-696 


0-537 


0-431 


0-302 


0-218 


0-398 


Raimsk . . 


0-089 


0046 


0142 


0-228 


0252 


0*306 


0*366 


0-350 


0-303 


0-216 


0126 


0082 


0-209 


Calcutta, 4 . 


0-582 


0-576 


0-740 


0-839 


0-926 


0-958 


0969 


0-961 


0-952 


0-851 


0-634 


0-498 


0-791 


Bombay, 4 . 


0-588 


0-63O 


0-728 


0-821 


0873 


0-940 


0-920 


0-912 


0-855 


0-877 


0-740 


0-653 


0794 


Madras, 5 . . 


0-698 


0-707 


0*811 


0914 


0-898 


0*849 


0-813 


0-837 


0-866 


0-858 


0-731 


0-721 


0*809 


Trevandrum, 9 


0-723 


0-739 


0-802 


0-862 


0-862 


0839 


0*814 


0-801 


0-801 


0-823 


0-805 


0-758 


0-802 


Amboyna . . 


0-869 


0-863 


0-859 


0-858 


0-859 


0853 


0-813 


0-822 


0-826 


0-822 


0-844 


0-832 


0-844 


Palembang . 


0-865 


0-854 


0-865 


0-891 


0-880 


0-879 


0*834 


0-819 


0-817 


0-826 


0-849 


0-853 0-853 


Buitenzorg . 


0-756 


0-756 


0-757 


0-755 


0-761 


0-741 


0-717 


0-713 


0-713 


0-731 


0-746 


0-739|0-741 


Banjoewangie 


0-916 


0-912 


0-940 


0-921 


0-913 


0-897 


0-854 


0-847 


0-872 


0-898 


0-895 


0-896 


0-897 



* Vide also The Sixth Number of Meteorological Papers, published by 
authority of the Board of Trade, 1861. 
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the dry air has been obtained from the height of the baro- 
meter by deducting therefrom the tension of the aqueous 
vapour. The numbers which follow some of the names 
indicate the number of years from which the mean values 
have been taken. 

(2.) The variation in the pressure of the dry air takes 
place in the opposite direction to that of the aqueous 
vapour, as it diminishes from the colder to the warmer 
months. The maximum diminution always occurs in the 
warmest month in the temperate zone, and consequently 
it is observed in the northern hemisphere in July, in the 
southern in January or February. The oscillation is of 
greatest magnitude at the northern limit of the northern 
Monsoon, reaching a maximum of 1*387 in. in Pekin. It 
exceeds an inch at Hong Kong, Benares, and Barnaoul, 
nearly reaches that value at Calcutta and Yakutsk, and 
is still above 0*9 in. at the Caspian Sea. In Australia it 
does not exceed 0*75 of an inch, and in Western Europe 
it is about 0-3. 

In the following table the pressure of dry air in each 
month is given as the variation from the mean pressure 
for the year : — 
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(7) SOUTH ATLANTIC OCEAN (continued). 



61 



Latitude S 


Winter 


Spring 


Summer 


Autumn 


Mean 


Oscillation 


0°— 5° 


-0*036 


-0026 


+ 0031 


+ 0-031 


29*939 


0067 


5 — 10 


-0-030 


-0030 


+ 0023 


+ 0-038 


29-979 


0068 


10 — 15 


-0-038 


-0030 


+ 0027 


+ 024 


30025 


0066 


15 — 20 


-0-038 


-0-022 


+ 0-038 


+ 0-023 


30-064 


0076 


20 — 25 


-0042 


-0-029 


+ 0-031 


+ 0-118 


30104 


0-160 


25 — 30 


—0-033 


-0026 


+ 0-031 


+ 0025 


30101 


0064 


30 — 35 


-0062 


- 0-007 


+ 0034 


+ 0-035 


30053 


0097 



(8) INDIAN OCEAN. 



Latitude S 


Winter 


Spring 


Summer 


Autumn 


Mean 


Oscillation 


16° 


— 23° 


19° -5 


-0*019 


-0*003 


+ 0021 


+ 0014 


30048 


0040 


20 


— 26 


23 


-0067 


-0-020 


+ 0*071 


+ 0-061 


30-076 


0138 


23 


— 28 


25-5 


-0102 


-0039 


+ 0114 


+ 0039 


30076 


0-216 


27 


— 31 


28 


-0106 


-0019 


+ 0-098 


+ 0034 


30067 


0-204 


30 


— 33 


31-5 


-0-131 


-0010 


+ 0151 


+ 0-005 


30071 


0-282 


33 


— 36 


34 


-0072 


+ 0-007 


+ 0055 


+ 0042 


29-996 


0127 



I append graphical representations of the rarefactions 
which are observed throughout the area where that 
phenomenon is most remarkable. 
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If we seek to determine the area in which the rare- 
faction reaches a maximum value in the northern hemi- 
sphere, we find it to exceed 0*35 in. over an area whose 
southern limit passes from Barnaoul to the shores of the Sea 
of Aral, then turns to the eastward so as to enclose the 
whole plateau of the Gobi, and even to embrace Shanghae 
and Pekin on the east coast of Asia, while Benares and 
Calcutta are all but included within it. The area in which 
the rarefaction is between 0*18 and 0*35 in. includes the 
eastern side of the Ural range lying to the south of 
Catharinenburg, the Kirghis Steppe, the Caspian Sea, 
Persia, Afghanistan, Southern Arabia, the catchment 
basin of the Indus, the valley of the Ganges, the 
northern portion of Burmah, and the south of China. The 
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boundary turns northwards, between Canton and the Philip- 
pine Islands, and passes through Japan to the coast of 
Mantehouria. The extreme limit of the area in the 
Pacific Ocean — i.e., the point where the rarefaction 
ceases to be observable, is as yet undetermined. The 
western limit passes from the neighbourhood of St. Peters- 
burg to the south, so that the west coast of the Black Sea, 
Asia Minor, Syria, and Egypt, are included in it. The 
point where this boundary meets the coast of Africa may 
be determined with considerable accuracy, inasmuch as 
Palermo and Tripoli he outside of it, as may be seen from 
the following table : — 



TRIPOLI 



Parom. 



PALERMO 



Barom. 



Dry Air 



Tension of 
Vapour 



January 
February 
March . 
April 
May . . 
June . . 
July . . 
August . 
September 
October . 
November 
December 

Year . . 



+ 0-122 
-0-021 
-0-086 
-0058 
-0-068 
+ 0-029 
+ 0004 
+ 0-020 
+ 0019 
-0002 
-0014 
+ 0052 



+ 0004 
+ 0013 
-0*036 
-0054 
-0-014 
+ 0020 
+ 0-004 
+ 0006 
+ 0030 
+ 0018 
+ 0012 
-0009 



+ 0158 
+ 0-161 
+ 0-072 
+ 0-024 
+ 0-006 
-0076 
-0-200 
-0177 
-0119 
-0054 
+ 0-070 
+ 0-126 



0-314 
0-320 
0*359 
0-390 
0-449 
0-564 
0-673 
0-651 
0-616 
0-541 
0-410 
0-333 



30104 



29-711 



29-244 



0-468 



The stations in Algeria exhibit clearly the deflection of 
the barometrical curve, while those in the Azores and 
Canary Islands do not do so. It is, therefore, probable 
that the desert of Sahara is included within the area of 
rarefaction, as Abyssinia has been proved to belong to it. 

The distribution of atmospherical pressure does not 
agree directly with that of temperature. In the month of 
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July the isothermal lines form a closed curve in Abyssinia 
and Arabia, enclosing an area in which the temperature 
reaches a maximum value. From this point the tempera- 
ture decreases materially towards the district of maximum 
rarefaction in northern Asia. As regards the western 
boundary, the coincidence with the is-abnormals is much 
closer, but even this does not hold good on the east coast 
of Asia. If we remember that all the great deserts are 
included within the area, we are referred so directly to 
the action of the aqueous vapour that we are justified in 
expecting to find the grounds of this phenomenon therein. 

In spring, according as the sun's meridian altitude 
increases, the temperature in Siberia rises very rapidly, 
so that the difference of temperature between northern 
Asia and Hindostan is materially decreased. It is still, 
however, sufficient to preserve the current of air as NE. 
Monsoon from higher to lower latitudes. After this period 
the barometrical difference is considerably diminished. 

In Barnaoul, the tension of aqueous vapour does not 
exceed? 0*18 in. from January to May, while in Calcutta it 
rises 0*35 in. On the other hand the barometer falls 0*35 in. 
in Calcutta during the same period, and in Barnaoul 
nearly 0*44 in. By the month of June the total fall in 
Barnaoul reaches 0-66 in., and in Calcutta only 0*49 in. 
We see from this that the point of minimum atmospherical 
pressure lies to the northward of that of maximum tem- 
perature, so that the current of air from the southward is 
attracted not only to this latter point, but beyond it. 
Another consequence of the rapid change of position of 
the point of minimum pressure is that the SW. Monsoon 
frequently sets in suddenly. Under other circumstances 
we should only expect the NE. Monsoon to set in suddenly, 
as it is a colder current than the other. 

The long continuance of the SW. Monsoon is explained 
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by the fact, that this current, in its passage over the 
southern slopes of the table-land of Central Asia, parts 
with a great portion of the moisture which it contains in 
the copious precipitation of rain which there takes place, 
and consequently is insufficient to fill the vacuum which 
exists over that plateau. The monsoon is in nowise a 
phenomenon produced by the attraction of air from a 
colder towards a warmer point, analogous to the daily 
land and sea-breezes before described, as is still maintained 
by modern writers who follow in the steps of the old text- 
books. Its cause is to be sought for in the temperate 
rather than in the torrid zone. 

The direction of the monsoons is thus accounted for. 
The SE. Trade-wind owes its motion from the east, to the 
fact of its passage from points which possess a slow to those 
which possess a more rapid velocity of rotation. As soon 
as this current crosses the equator, conditions, which are 
exactly opposite to the above, occur, and the wind becomes 
SW. In precisely the same way the NE. Trade-wind, on 
crossing the equator, becomes the NW. Monsoon of the 
southern hemisphere. 



2. The West Monsoons of the Line. 

This is a peculiar modification of the Trade-winds on 
the Atlantic Ocean, which is known on the coast of 
Guinea. Owing to the position of Upper Guinea, the SE. 
Trade-wind is attracted so far to the northward that rain- 
bringing winds from the SW. and WSW. are felt over the 
whole district up to the Cape Verde Islands. Between 
this deflected trade-wind and the ordinary trade, there is 
interposed a region of calms, which is marked on the 
maps of Halley, Dampier, and Mushenbroek, as the 4 Kain ' 

F 
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or 'Thunder-sea,' in consequence of the frequency of 
tornadoes. 

The observations which were carried on in the Danish 
Fort Christiansborg, on the Coast of Guinea, between the 
years 1829 and 1834, give a mean SW. direction of the 
wind, which continues unchanged throughout the year 
from 10 o'clock A.M. to 10 p.m. In the morning hours the 
direction is slightly north-westerly. 

Similar conditions seem to exist in the Pacific Ocean 
between the Galapagos Islands and the coast of Mexico. 
Their explanation is the same as the foregoing, and is to 
be sought in the sudden change of direction of the coast 
of North America, which is at first northerly, and after- 
wards suddenly trends away to the north-west. 

This is indicated on Dampier's chart. In the Gulf of 
Panama he gives easterly winds from September to March, 
and SSW. from March to September. In Captain Wilkes' 
4 Map of the World, showing the Extent and Direction of 
the Wind,' they are represented as spurs of the coast wind, 
called the ' Peruvian Monsoon ; ' and the Galapagos are 
placed on the boundary between unchanged Trade-wind 
and this altered current. Maury's Wind-chart (Plate xv. 
Part I. 8th edition) gives these winds as SE. and SW. 
Monstfon at the southern edge of the region of calms, 
which here, as in the Atlantic Ocean, extends far to the 
northward, and which English sailors call the 4 Equatorial 
Doldrums.' 

The coast of Venezuela must exert an influence the 
exact converse of this. In fact, the observations made at 
Cayenne from 1846 to 1852, show the mean direction of 
the wind from December to April decidedly UK, and 
from April to November E. During the first-named 
five months, the proportion which the NE. wind bears to 
the E. is 669 : 78. In the remaining months it changes 
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regularly as follows : — May 59 : 68, June 44 : 105, July 
18 : 140, August 8 : 163, September 16 : 164, October 
33 : 131, November 56 : 101. Simultaneously with this 
the trade-wind near the coast becomes fresher, as it is 
flowing towards the heated area before it. The Spanish 
sailors call these very strong Trade-winds at Carthagena 
los brisotes de la Santa Martha, and las brizas pardas 
in the Gulf of Mexico. (Humboldt's Reise 'Travels,' 
vol. i. p. 171). 

3. The Lateral Deflections op the Trade-wind. 

The only modifications of the Trade-wind that we have 
hitherto considered, are those produced by the relative 
positions of land and water, considered with reference to 
latitude. If the line of separation between land and 
water be a north and south, instead of an east and west 
line, the result is the common phenomenon of lateral 
deflections of the Trade-wind, the so-called ' Coast-winds.' 
These winds are frequently intermitting, within the daily 
period. When a coast line is a north and south one, the 
Trade-wind, in its passage along it, is attracted during the 
daytime towards the land, which is at an elevated tem- 
perature, while at night it does not suffer this deflection, 
whereas the so-called Land and Sea-winds alternate within 
the daily period. Similarly it may happen, that a lateral 
deflection of the Trade-wind, of the above character, may 
exist for a lengthened period, and so give rise to a sort of 
monsoon. The difference between such winds and the 
true monsoons is, that in the latter case the winds have 
directions opposite to each other, while in the former the 
directions are inclined to each other at an angle which 
is more or less obtuse. 

According to Glass (History of the Canary Islands), 
Africa exerts a very important influence on the direction 

F 2 
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of the NE. Trade in the Atlantic Ocean. The NE. wind 
suffers a deflection towards the coast, which increases in 
magnitude the nearer the islands, on which the observa- 
tions are taken, he to the mainland. In sight of land the 
wind is nearly N. (viz. N. by K). At Lanzerote and 
Fuertaventura NNE., at Grand Canary NE., at Teneriffe 
NE. by 1J., and lastly, at Palma slightly more easterly, 
which direction it preserves over the whole Atlantic 
Ocean. 

These winds are stopped by the high islands of Canary, 
Teneriffe, and Palma, so completely that, while they are 
blowing strongly on the NE. side of the islands, the oppo- 
site side is in complete calm. Glass gives the extent of 
this shelter to seaward, as 20 to 25 nautical miles for 
Grand Canary, 15 for Teneriffe, 10 for Gomera, and 30 for 
Palma. These calm island shadows are very dangerous 
to navigation, as the high waves break on the edge of the 
calm water as if on a shore, and produce a dangerous surf. 

Dampiej * gives as limits of this in-shore north-wind, 
Cape Verde in lat. 14° and Cape Bojador in lat. 27°. He 
states that ' the dust-fells characterise the middle of the 
district.' 'The ships being to the southward of Cape 
Blanco, which lies in lat. about 21, they are sometimes so 
troubled with the sand which the wind brings off shore 
that they are scarce able to see one another. Their decks 
are all strewed with it, and their sails all red, as if they 
were tanned with the sand that sticks to them, it being of 
a reddish colour.' 

Horsburgh (India Directory, vol. i. p. 11) states that 
the dust atmosphere between the Cape Verde Islands and 
the continent is a phenomenon which always exists, and 
continues with NE. winds, and attributes it to the drift in 

* Dampier, Voyages, vol. ii. part 8 (The General Trade-winds), p. 15. 
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of sand from the hot sandy desert which lies to the north- 
east. In fact, the phenomenon agrees perfectly with that 
observed on the Guinea Coast, with theNE. land-wind which 
sets in, especially in December and January, and is called 
there 'Harmattan.' 'A wind which produces unusual 
dryness, and fills the air with reddish dust so as not un- 
frequently to obscure the sun to such a degree that it may 
be looked at with the naked eye.' During the prevalence 
of this wind the tension of aqueous vapour at Christians- 
borg at 7 a.m. is 0-622 in., while with ordinary winds it 
is 0-846 in. ; at noon 0-651 instead of 0-940. In the 
latter instance the ratio of the fractions of saturation is 
0-734 to 0-915 ; in the former 0-473 and 0-739. (Obser- 
vationes Meteorologicce in Guinea Facta, 1845, p. 50.) 
(Meteorological Observations made in Guinea.) 

From reasons similar to the above, the SE. Trade in the 
South Atlantic Ocean is more southerly on the African 
coast, and more easterly on that of Brazil, than in the 
middle of the ocean. 

The chain of the Andes endeavours to exert a similar 
influence, on a much larger scale, on the SE. Trade in its 
passage over the continent of South America, as the 
Canary Islands do on the NE. Trade in the Atlantic 
Ocean. We should expect to find a sheltered area on the 
lee-side of these high mountains along the coast of the 
Pacific Ocean. As in the case of the Canary Islands, 
where the waves break on the edge of the calm water ; 
so, in the district we are now describing, the Trade-wind, 
which is in violent motion, forces its way along the coast, 
and produces instead of a calm a SSW. wind, when 
the coast has a N. and S. direction; SW. when its 
direction is from SW. to NE., and finally S. when the 
direction of the coast is from SSE. to NNW. On the 
coast of Peru these winds extend without any variation to 



Digitized byLjOOQlC 



70 THE YEARLY PERIODICAL WINDS. 

a distance of from 140 to 150 nautical miles to seaward. 
They then pass gradually into the ordinary Trade-winds, 
and at a distance of 200 miles the true ESE. Trade is 
found. 

We may naturally expect that the magnitude of the 
deflecting influence, which is exerted by the land on the 
wind which is prevalent at sea, will be dependent on the 
relation of the temperature of the water to that of the 
land; a relation which is not constant throughout the 
year. We may see from the form of the monthly iso- 
thermal lines, that the variation in this relation will not 
be very great, inasmuch as the cold water current, which 
flows along the coast of Peru, changes its temperature very 
slightly within the year. In addition to this, the tempera- 
ture of the land varies between very narrow limits. • On 
Wilkes' map these winds are called * The Peruvian Mon- 
soon,' in the same way as he calls the deflection of the 
SE. Trade-wind on the south coast of Africa ' the African 
Monsoon.' 

Dainpier, with much greater correctness, classes them 
with the Coast- winds, inserting them in an intermediate 
position between the permanent winds and the 'winds that 
shift,' which deserve the name of monsoons much better, 
and on the coast of Brazil frequently receive that name. 

Wilkes says of them, * Properly speaking, they are not 
monsoons, though they have been classed and considered 
as such. They do not interchange their direction periodi- 
cally, like the others, but only veer through several points 
of the compass.' The district where the .phenomenon is 
observed, extends from Cape St. Eoque to the Island of 
St. Catherine. In this district NNE. winds prevail from 
September to February, and even, according to Dampier, 
up to March, during the period that the sun is at the south 
of the equator. During the same period, all portions of 
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the continents of the southern hemisphere, which extend 
into the torrid zone, experience an atmospherical rare- 
faction, as is shown by the following table of barometrical 
observations : — 





Port 
Jackion 


Cape of 
Good Hope 


Rio 
Janeiro 


Montevideo 


St. Jago 


January .... 


-0145 


-0-105 


-0-098 


-0096 


-0052 


February 










-0066 


-0105 


-0079 


-0097 


-0*053 


March. 










+ 0*036 


-0-067 


-0-047 


-0-041 


-0035 


April . 










-0025 


-0033 


-0021 


+ 0039 


-0-001 


May . 










+ 0035 


+ 0033 


+ 0-068 


+ 0-052 


+ 0-006 


June . 










+ 0-079 


+ 0093 


+ 0-127 


+ 0051 


+ 0036 


July . 










+ 0-170 


+ 0124 


+ 0-135 


+ 0118 


+ 0-018 


August 










+ 0-074 


+ 0-111 


+ 0-074 


+ 0-079 


+ 0-074 


September 








-0012 


+ 0-062 


+ 0060 


+ 0009 


+ 0040 


October . 








-0-002 


+ 0015 


-0-028 


-0-024 


+ 0032 


November 








-0-058 


-0051 


-0-090 


-0-007 


-0031 


December 








-0-091 


-0-080 


-0099 


-0-113 


-0033 


Mean 29*514 


30-036 


29-843 


29955 


28075 



If Brazil were to change places with the South Atlantic 
Ocean, the result would be that the NE. Trade-wind of 
the Atlantic Ocean would cross the line into the southern 
hemisphere as a NW. Monsoon. In this case Brazil would 
play the same part, with regard to this wind, as Australia 
does with regard to the NE. Trade of the Indian Ocean. 
Its more westerly position causes the NE. Trade to preserve 
the same direction in the southern hemisphere, as it had 
in the northern, instead of assuming one which would be 
north-westerly, owing to the increasing difference in the 
velocity of rotation. The effect of this difference is, however, 
observable, for the wind, which is almost easterly in the 
Gulf of Mexico, increases in intensity as 'los brisotes de 
Santa Martha 9 at Carthagena becomes NNE. at Cayenne, 
and retains this direction along the coast of Brazil. 

The coast-winds of the east coast of Africa resemble 
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those which we have just been considering in so far as that, 
when the sun is to the south of the equator, and the baro- 
metrical observations, at the Cape Mauritius and Bourbon, 
exhibit a rarefaction, there is a prevalence of north-east 
winds in the Mozambique channel and along the whole 
coast of the continent, but without the permanence of the 
true monsoon. When the sun is to the north of the 
equator the SE. Trade changes, in the neighbourhood of 
the coast, into SSW. or south. According to Capper 
(p. 69), this NE. Monsoon commences at the Comoro 
Islands in lat 10° S. in November, somewhat later than on 
the Malabar coast, and extends to Cape Corrientes, i.e. 
as far as the tropic of Capricorn. The SW. Monsoon 
begins in April, and lasts till November. It is accompanied 
in the Mozambique channel by clear weather, while the 
weather is rainy during the NE. Monsoon. At the change 
of the one into the other in November, there are daily land 
and sea-breezes. The relative position and character of 
the land appears to modify these winds variously. As 
regards direction they agree, on the whole, with the mon- 
soons of the North Indian Ocean, but differ from them in 
their contrast to each other with reference to the aqueous 
vapour which they contain. On Maury's chart they are 
given as SW. and SE. winds, in contradiction to all obser- 
vations that I have seen. 

During the period that the sun is to the south of the 
equator, Australia appears to exert an attractive action 
on all sides on the direction of the winds which prevail 
on the seas contiguous to it, and in fact, as far as the 
observations, which have as yet been made, go, they 
indicate a rarefaction of the air in that portion of the con- 
tinent which is in the torrid zone. The influence of its 
northern coast on the monsoon has been already explained. 
A similar deflecting action is also observable on lie west 
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coast, as the SR Trade, on approaching the coast, passes 
gradually through S. towards W. On the east coast, 
Wilkes' chart gives easterly winds everywhere, and even 
ENE. on the northern portion of the continent. In the 
case of Australia, as well as in that of the other continents 
which extend into the southern hemisphere, there is 
another circumstance to be taken into consideration, viz. 
that the period of greatest altitude of the sun in the south- 
ern hemisphere is also that of its greatest proximity to 
the earth. However, the effect of this contrast of the two 
hemispheres is removed by the fact that, when we consider 
the total effect of the sun's position in the year, we find 
that during the longer period of the summer of the northern 
hemisphere, when the sun is at a greater distance from the 
earth, the amount of heat received by that portion of the 
earth is the same as that imparted to the southern hemi- 
sphere by the sun, which is at a less distance from the earth 
throughout the shorter summer of that hemisphere. A 
direct consequence of this is that the direct radiation at 
the period of maximum altitude of the sun in the southern 
hemisphere is greater than it is at the same latitude to the 
north of the equator, during the period of summer in that 
district. 

If, in conclusion, we collect all the circumstances of the 
winds of the torrid zone into one general view, consider- 
ing their variations in various parts of that area, we 
obtain the following results : — 

Permanent winds, properly so called, exist only at the 
centre of the two Trade-wind zones, i.e. at those places 
which continue between the limits of those zones during 
their annual motion northwards and southwards. The 
strongest contrast to this is found at those places which do 
not pass out of the belt of calms during this motion. The 
breadth of the Trade-wind zone is much greater than that 
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of the belt of Calms, so that the instance last mentioned is 
only partially realised. At places situated close to the 
equator, the constant Trade-wind becomes an intermittent 
wind. If the extent of the motion of the Trade-zone be 
considerable, the station will be included in both the 
Trade-wind zones, so that as it is exposed to both the 
Trade-winds, the permanent wind above mentioned will 
be converted into an alternating wind. This periodical 
wind receives its developement as a true Monsoon, when 
the alternating winds receive, from the influence of the 
rotation of the earth, a direction opposite to each other, 
and this wind appears in its most complete form when the 
duration of the two Trade-winds is of equal extent, and 
the year is divided consequently into equal portions. The 
condition of opposite directions will not be fulfilled if the 
duration of the two Trade- winds be not equal, inasmuch 
as the difference of the velocity of rotation is dependent 
on the distance of the point of observation from the point 
where the atmospherical current commences. It may 
further be modified by lateral deflections which have a 
greater effect on one current than on the other, since the 
relation between the temperatures of the land and the 
water is not the same in winter as in summer. However, 
the Monsoons and the coast-winds are not the only classes 
of periodical winds. These winds appear in sub-tropical 
regions as well, but in exactly opposite directions. When 
the sun has its greatest altitude they are included in the 
Trade-wind zone, but as soon as that altitude begins to 
decrease, pass out of the zone, and are immediately in- 
cluded in the descending return Trade, whose direction is 
directly opposed to that of the preceding wind. These 
winds may be termed sub-tropical This region forms 
the passage to the district of the changeable winds, in which 
the stations are included in each current in turn; but there 
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is no definite period for this alternation. The two currents 
flow alongside of each other, in channels which are con- 
stantly changing. The name of upper and lower Trade- 
wind could not with any correctness be applied to them ; 
and I have therefore invariably termed them in ail my 
publications since the year 1827 the Polar and Equatorial 
currents. 

Before we proceed to treat of these changeable winds, 
we must not omit to consider one omission which every- 
one will have noticed in the above explanation. This is, 
that we have considered the constant and periodical winds 
in their course over the different oceans, and in the vicinity 
of the coast. It is, however, clear that the general re- 
lations which call them forth are felt in the same way on 
land, but that there are so many disturbing causes, such as 
the unevenness of surface and other variations in its con- 
dition, that we cannot expect to find here the same sim- 
plicity as appears at sea. In the interior of continents 
we have to look to the commencements of the wet and dry 
seasons, to find the time of entrance of the station into 
either Trade-wind zone, apart from the constant action 
which the prevalent winds in the deserts exert, by the 
accumulations of sand which they leave behind them. The 
passage of this direction of the wind in the interior of 
the continents, which is constant at certain periods of 
the year, into the modifications of the same wind which 
are due to the coast, is as yet completely unknown, and, 
as far as I know, has never yet been discussed. It does 
not seem superfluous to indicate this as a very important 
subject of enquiry, as the fact that the Trade-wind charts 
are only published for the oceans has produced in the 
minds of many persons the strange idea that trade- winds 
are only felt at sea. This conception has been at last 
fully given up in the case of the Monsoons, which were 
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long considered to be a kind of land and sea- winds ; al- 
though these latter disappear entirely at a distance from 
the coast, while the Monsoon does not part with the 
greater portion of the aqueous vapour which it contains 
until it comes in contact with the southern slopes of the 
table-land of Asia. It appears suitable to introduce this 
remark here, as we shall establish the laws of the change- 
able winds on observations obtained at land stations, and 
must claim the right of extension of these laws to the 
ocean. 
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III.— The Changeable Winds. 

Akistotle, in the Politics, says that there are, properly 
speaking, only two forms of Constitutions, viz. those which 
are free, and those which are not free ; in the same way 
as it is said of the winds, that there are really only two 
winds, viz. northerly and southerly, inasmuch as all other 
winds are merely occasional deviations from these two 
directions. Such a statement as the above seems less 
paradoxical on the coasts of the Mediterranean than it 
would in our latitudes, for the contrast of the ' Tramon- 
tane ' and the * Sirocco ' is so clearly marked, at the 
exterior boundary of the Trade-wind area, that the former 
wind, which is the prolongation of the Trade-wind to- 
wards the north, was as well known to the Greeks, under 
the name of the ' Etesian ' wind in summer, as the rain- 
winds from the opposite point in winter. We shall, 
however, proceed to prove that the above statement holds 
good for districts in which a dry season is not known, and 
this must be done by means of investigations of a special 
character. 

Investigations of this character must be carried on in a 
twofold manner : we must prove, firstly, that the changes 
in the direction of the Wind at any station may be ex- 
plained by an alteration of two currents ; and, secondly, 
that these currents, flowing simultaneously in parallel 
channels, are able to produce the contrasts of weather 
which are observed in succession at each station when the 
change of wind takes place. 
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As regards the relative duration of the two currents, it 
is evident that the equatorial must predominate over the 
polar, and consequently that the prevalent direction of the 
wind, in the temperate zone of the northern hemisphere, 
must be SW., of the southern hemisphere NW. The 
grounds of this predominance are, firstly, that the equa- 
torial current moves in a channel which is gradually con- 
tracting, the polar in one which is gradually widening ; 
secondly, that the air, when it returns from the poles to 
the equator, occupies less space than it did previously, 
owing to its reduction of temperature ; and thirdly, that 
it has lost by condensation a quantity of moisture, which 
was present in the form of vapour in the equatorial 
current, but flows back to the equator as water, having 
been precipitated in the form of rain. 

On the whole, accordingly, we see that the currents 
flow in the temperate zone in parallel channels, while one 
flows above the other in the torrid zone. We have 
described above (p. 39) the gradual descent of the upper 
current at the outer edge of the Trade-wind zone. To 
this motion in parallel channels we owe the fact that 
whenever a relatively severe winter is observed, there 
exists, at the same time, a relatively mild one in an 
adjacent district. This simultaneous compensation of 
a local excess and defect may be shown to lead at all 
seasons to a constant mean temperature, as I have clearly 
proved in the Investigations on the Non-periodical 
Variations in the Distribution of Heat on the Surface of 
the Globe (6 vols.).* 

* Untersuchungen uber die nicht periodischen Aenderungen der Temper atur- 
vertheUung auf der Oberflache der JErde, Reimer, Berlin. 
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1. The Cubbents which altebnately Displace each 
otheb at any station. 

The currents themselves may be distinguished from 
each other at any station by the properties explained 
below. The equatorial current flows from a warm to a 
cold, the polar from a cold to a warm region. 

The characteristic differences of these currents may 
always be traced to their differences of temperature, and 
to the differences in the action exerted by the earth on 
them in their course. 

As regards Pressure, it is evident that, owing to the 
greater density of the cold air of the northerly current, 
the barometer will be high during its prevalence ; and 
that, on the contrary, its level will be lower the greater the 
intensity of the southerly current, or, in other words, the 
greater the difference in latitude between the points at 
which the current commences and at which it ends. 

As regards Direction, we have shown above, that the 
northerly current must, when it is well established, take a 
NE. and at last almost an easterly direction ; the southerly 
current a SW., and at last almost a westerly direction. 
Most winds are liars, as they do not come from the regions 
from which they appear to flow. The ENE., the NE., 
and the NNE. are much more truly northerly winds than 
the N. itself, and in the same way the WSW., the SW., 
and the SSW. much more truly southerly than the S. 
itself. 

As regards Intensity it is easy to see that that of the 
northerly current must gradually diminish on its progress ; 
that of the southerly gradually increase. If the earth 
were a right cylinder revolving about its axis, the velocity 
of rotation would be constant at all parallels of latitude, 
and the space between two meridians would be the 
same all over its surface. Under such circumstances, the 
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direction and intensity of the northerly and southerly 
currents would remain constant throughout their course. 
Owing to the spheroidical form of the earth, the meridians 
diverge from each other between the pole and the equator, 
and consequently the channel of the northerly current is 
constantly dilating the farther it gets to the southward, 
while that of the southerly current is closing in a corre- 
sponding manner the farther it gets to the northward. 
The intensity of the northerly current, accordingly, dimi- 
nishes as it becomes easterly, while that of the southerly 
current increases as it becomes westerly. 

As regards Moisture, it is evident that the northerly 
current must be the drier, the southerly the damper, as 
well relatively as absolutely. Inasmuch as they start 
from points whose temperatures are very different ; under 
circumstances, in other respects identical, the absolute 
amount of aqueous vapour contained in the northerly 
current must be less than that in the southerly. The 
warm equatorial air flowing rapidly towards the pole 
enters higher and higher latitudes ; accordingly, its capa- 
city for retaining moisture is gradually diminished, owing 
to the cooling action of the surface of the earth upon it, 
and it must therefore gradually approach its point of 
saturation during its progress. On the other hand, the 
colder air of the slowly moving northerly current reaches 
lower and lower latitudes, its capacity for moisture is 
constantly rising, and it therefore absorbs moisture, instead 
of losing it in the form of rain. We see accordingly that 
while the southerly current loses the aqueous vapour 
which it brought with it in constantly recurring discharges 
of rain, there is always a clear sky during the prevalence 
of the northerly current, as there is during the north-east 
Trade-wind. 

As regards the Change of Direction of the wind and the 
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ratio of the number of the individual winds, these points 
depend on very various circumstances. If, during the whole 
period of its prevalence, which is often for many weeks at 
a time, the origin of the northerly current were always 
equidistant from the point of observation, and further, 
were its intensity always the same, the direction of the 
vane would remain unchanged, i. e. as soon as the current 
had assumed the deviation which is due to the difference 
of velocities of rotation of the two points, and the other 
elements which exert an influence on it. If, however, the 
current, which is almost easterly, meets with an obstacle 
at a point situated to the south of the point of observation, 
and is prevented from converting itself, in its further pro- 
gress, into a true east wind, the air composing that current 
will enter into the condition of relative rest to the earth 
in its rotation, and accordingly become a north wind at 
that point This will cause the wind at the point of 
observation to become more northerly, so that the vane 
will oscillate slowly between NNE. and ENE. At dif- 
ferent times the distance of the point of origin of this 
current from the point of observation will vary ; and, fur- 
ther, the friction which is exerted by the surface of the 
earth on the lower strata of a current, will be greater 
when it is flowing slowly than when it is in more rapid 
motion ; so that the easterly deviation will be more con- 
siderable. We may therefore expect to find that there is 
not much difference, as regards number, between NE. and 
E. ; and the maximum will fall accordingly, sometimes on 
the one, sometimes on the other point of the compass. 
From considerations similar to the above it is easy to see 
that the quick-flowing southerly current, which is SW. 
when it has attained permanency, will exhibit, in general, 
an oscillation between SW. and W. ; that the number of 
times that the wind will blow from these points will be 



Digitized byLjOOQlC 



82 



THE CHANGEABLE WINDS. 



very great, and that, if we take all these fluctuations into 
account, we shall find a majority of direct shiftings, which 
cannot be very considerable, and must be proportionably 
less so the shorter the intervals are which intervene 
between the periods of observation. South and north 
winds, in the sense of the Law of Gyration, as they come 
immediately before a maximum, will be, in general, of 
rare occurrence, if local conditions, such as the direction 
of a line of coast, or that of a valley, do not confine the 
currents to these points. According to the above we 
should expect also the SE. and NW. winds to be rare 
winds. This is the case with the SE.,* but by no means 
with the NW., especially in the west of Europe, f Its 

* A remarkable exception to this statement is found in the Steppe district 
of the south of Russia, in which tract of country, extending from the north 
coast of the Caspian to that of the Black Sea, and inland into the Steppe, 
the mean direction of the wind is south-easterly, according to the investiga- 
tions of Wesselovski. 

t From the observations of Mr. F. J. Foot, made at Ballyvaughan, on the 
west coast of Clare, in the year 1861, Prof. Haughton {Journal of the Royal 
Dublin Society , No. xxv.) has calculated the following table of the frequency 
of the wind (in percentages), referred to eight points of the compass, for that 
station, and compared it with the results obtained by Dr. Lloyd for the whole 
of Ireland in 1851 : — 





Co. Clare 


Ireland 




1861 


1851 


N. 


139 


108 


NE. 


4-9 


73 


E. 


77 


6-9 


SE. 


7-0 


9-2 


S. 


192 


136 


SW. 


12-3 


20-2 


w. 


244 


170 


NW. 


10-3 


150 




100-0 


100-0 


Kesultant .... 


W. 16° 26' S. 


W. 22° 30' S. 



The extent to which the NW. wind prevails in Ireland is clearly shown by 
this table. (Trans.) 
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prevalence in summer is easily seen to be due to the posi- 
tion of the ocean with regard to the continent. The 
reason that the polar current, in winter, frequently com- 
mences as NW. is explained by the course of the iso- 
thermal lines, which, as I have shown at other times, 
must owe their position to other causes besides currents 
of wind. The low temperature of North America pro- 
duces cold air-currents over the warmer area of the 
Atlantic Ocean, which meet the SW. wind of the 
southerly current, and, if they displace it, assume a NE. 
direction. In this case they probably leave the SW. on 
their eastern side. This latter wind flows on towards the 
pole, and may perhaps burst through the northerly current 
at a higher latitude, at which place the two currents will 
lie as extremes beside each other. 

As regards the mutual displacement of the currents, 
I have ascertained from observations which have been 
carried on at Konigsberg for a long series of years, that 
the southerly current displaces the northerly in the upper 
strata of the atmosphere, before that it does so in the 
lower strata ; while the displacement of the southerly by 
the northerly takes place at first in the lower and after- 
wards in the upper strata. A statement such as the 
above cannot be submitted to an accurate numerical ex- 
amination, and must therefore be, in the main, founded on 
the assertions of different observers, so that the proba- 
bility of its truth will depend on the mutual agreement 
of their testimony. When we come to direct observa- 
tions of the appearance of the sky, there is no one on 
whom greater reliance may be placed than on Howard. 
In his Climate of London he says (p. 127) — 

If after sultry damp weather, and a gradual accumulation of 
thunderclouds with electrical explosions, I observe the fall of 

o2 
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small lumps of ice from the clouds ; subsequently to this, violent 
hail, and at last rain ; and if I find that a cold W. or N. wind 
ensues afterwards, I am justified in assuming that this latter 
wind has acted suddenly and in a decisive way in mass, as a 
cold body, on the warm air in which I was before the storm 
began. If, on the contrary, after a dry cold NE. wind the sky 
becomes overcast and the first drops of rain are warm to the 
feel, and if after a heavy shower the air below becomes warm 
and mild, I may conclude with as much certainty that the 
southerly wind has displaced the northerly, having commenced 
first in the upper atmosphere, and in displacing it has lost a 
portion of its moisture by condensation. 

Apart from empirical proofs, like the above, it appears 
to me that this mode of displacement must necessarily 
follow from theoretical principles. Inasmuch as the north- 
erly current flows between meridians which are con- 
stantly diverging from • each other, the farther it has 
travelled, and the greater the easterly deflection which 
has been imparted to it by the motion of the earth on its 
axis, the more will the current dilate, and the total weight 
of the atmospherical column will be proportionably 
diminished. This is the reason of the fact that in winter 
— at which season all these conditions appear in their 
simplest forms — the pole of cold of the wind-rose lies 
much farther to the eastward than the maximum of the 
barometer. The temperature of the northern current is 
lower in proportion as its point of origin lies farther 
north. Under the same circumstances, the air composing 
that current is specifically heavier, and its barometrical 
pressure greater, if a cause of rarefaction does not at the 
same time arise from its having travelled to a long dis- 
tance. Such a cause exists in the fact of its motion in a 
channel which is continually widening. Air, when it is 
expanding, falls in temperature, instead of rising; so 
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that during the gradual lateral extension of the current 
the temperature will continue to decrease. The rare- 
faction of the air militates against the rising of the baro- 
meter, which ought to result from the change of tem- 
perature, and eventually causes the level of that instrument 
to fall. This shows us that the maximum of pressure 
will precede the minimum of temperature. In the case 
of the southerly current, which flows in a continually 
contracting channel, the lower air will have, a constant 
tendency to rise, so that the diminution of density as 
well as the decrease of temperature in the southern cur- 
rent will be less considerable. If now the southerly 
current meets the northerly at a certain distance above 
the earth's surface, the elasticity of the. air of the former 
will exceed that of the latter ; and the southerly current 
will force its way into the northerly. It follows from the 
considerations just cited, that such a displacement can 
only take place when the northerly current has travelled 
for a long distance, and has been deflected to the east- 
ward in a great degree, or in other words — 

The southerly current can only displace the northerly 
current in the higher regions of the atmosphere, when the 
latter has become almost an east wind. This displace- 
ment must therefore appear as a shift in the direction 
E., SE., S., <Sfc. Consequently, the wind hardly ever goes 
back in this quadrant of the compass. 

If the southerly current has attained a considerable 
intensity, it may blow directly opposite to the northerly 
current. In this case the currents stop each other's way, 
a phenomenon which we shall examine more closely 
hereafter. We have now to explain how the shift takes 
place in the lower strata of the atmosphere. 

The mixture of the warm moist air of the southern 
current with that of the northern, which is cold and dry, 
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gives rise to the conditions necessary for the precipitation 
of aqueous vapour. The first form of cloud which ap- 
pears is the Cirrus in long streaks. If fine spiculae of 
ice fall from this, they will reach the surface of the earth 
with the velocity of the southern current, which, com- 
pared with that of the northerly current beneath, is very 
considerable. The first drops may fall to the earth either 
in the solid or the liquid form, or may be evaporated 
before they reach the ground ; but in either case they 
will exert a certain action on the strata of the atmosphere 
through which they pass. In consequence of this action 
the wind will become first due east, then ESK, and thus 
shift gradually until it is south, from whence it will soon 
be brought to SW. by the rotation of the earth. In this 
way we have deduced the phenomena of the east side of 
the wind-rose, and accounted to ourselves for the facts that 
precipitation seldom takes place with north-easterly or 
easterly winds ; that rain begins to fall when the wind is 
to the south of east ; that the NE. wind extends through 
the whole of the atmosphere ; and lastly, that when the 
wind is E. or SK, its direction in the upper strata is more 
southerly than in the lower. We now turn to the west- 
side. 

If the action of the northerly current on the southerly 
never took place until the latter had reached the W. 
point, the phenomena between S. and W. would exhibit 
the characteristic results of the predominance of the 
southerly current, while those between W. and N. would 
show the effects produced by the displacement of this 
latter by the northerly current. This, however, is not 
always the case, as the northerly current often com- 
mences to blow when the wind is at SSW., SW., or 
WSW., and therefore the phenomena between S. and W. 
may exhibit a twofold character. It is self-evident that 
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the cold and dense northerly current will first appear in 
the lower strata, and that the motion of the particles of 
the northern current towards the south, and of the south- 
ern current towards the north-east, will compound an 
intermediate resultant motion which will become more 
and more northerly, through north-west from west, the 
more the northern current prevails. The difference in 
density of the air in the two currents is very considerable 
in the lower strata, and decreases as the distance from 
the earth increases, so that the change wiH take place 
very rapidly at the surface of the earth, and will be 
accelerated by differences of temperature between the 
two currents. The barometrical indications are affected 
chiefly by the lower strata, and hence we obtain the 
following rule : — 

In oscillations of the barometer •, the front of a wave is 
steeper than the back, or, more accurately, the warm and 
light air is displaced by that which is cold and heavy on 
the west side, more rapidly than the cold and heavy air by 
that which is warm and light on the east side. 

I now proceed to give proofs of this mutual displace- 
ment of the currents, and in these proofs we may 
clearly trace the order of sequence which I have termed 
the Law of Gyration. 

2. The Eegular Shifting of the Wind in the Northern 
Hemisphere. 



S., SW., W., NW., N., NE., E., SE., S. 

We read in the Book of Ecclesiastes, chap. i. 5, 6. 'The 
sun also ariseth, and the sun goeth down, and hasteth to 
his place where he arose. The wind goeth toward the 
south, and turneth about unto the north; it whirleth 
about continually, and the wind returneth again according 
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to his circuits.' I do not venture to express an opinion as 
to whether these words are intended to indicate the Law 
of Gyration, or only to denote the change as such. 

1. Abistotle:* a? Ss irepLordaus t&v aviptov /carcnravofifvow 
sis tow kxpfiivovs yivovrai Kara rrjv rod rj\(ov /JbeTaoTocnv. € The 
changes of the winds, when they are dying away, towards those 
which succeed them, take place according to the motion of the 
sun.' 

2. TheophrASTUS :f "Orav Si w vir aXXrjkwv SiaXvcovrai rh 
irvevfiara, oX\' avrh Kara/jLapavOcoai, /jusrafidWovcnv els tovs 
iXPfjJvovs hrl SegiH.&cnrep 17 rod fi\lov l^et <j>opd. 'When a 
wind is not dispersed by another, but dies away gradually, the 
shift to that which succeeds it takes place from left to right, in 
the same direction as the motion of the sun.' 

3. Pliny: J Omnes venti vicibus suis spirant majore ex parte, 
aut ut contrariu8 desinenti incipiat. Quum proxime caden- 
tibus mrgunt, a Icevo latere in dextrum, ut Sol, ambiunt. 
'All winds blow for the most part in their turns, or so that a 
wind should be succeeded by one from the opposite quarter. If 
they commence nearly from the same point as that which has 
just ceased, the shift takes place from left to right in the direc- 
tion of the motion of the sun.' 

4. Lobd Bacon, England, 1600.§ ' When the wind changes 
conformably to the motion of the sun — that is, from east to 
south, from south to west, from west to north, and from north 
to east — it seldom goes back ; or if it does 'tis only for a short 
time : but if it moves in a contrary direction, viz. from east to 
north, from north to west, from west to south, and from south 
to east, it generally returns to the former point, at least before 
it has gone through the whole circle. 

< If the south wind begins to blow for two or three days, the 

* Meteorology, ii. 6, 18 ; Problema, 28, 31, p. 943. 

•f Utpi (Trjptiiov vddrwv Kal Trvtvfxdru)v (Concerning the signs of the rains 
and the winds), sect. 10, op. ed. Schneider, p. 293. 

\ Natural History, vol. ii. p. 48. 

§ Bacon's Draught for the Particular History of the Wind, sect. xii. 
Philosophical Works by Shaw. London, 1733, 4to. vol. iii. p. 476. 



Digitized byLjOOQlC 



REGULAR SHIFTING OF WIND IN NORTHERN HEMISPHERE. 89 

north wind will sometimes blow suddenly after it : but if the 
north wind blows for the same number of days, the south wind 
will not rise until after the east has blown awhile.' 

5. Mariotte, France, about 1700.* 'When the north and 
north-east winds cease, the east generally succeeds, and then 
follow the south and south-west winds. The south and south- 
west winds generally succeed the east in the temperate zones, 
and especially in France. In France the winds usually shift 
from east through south to south-west, then to the west, to the 
north and north-east, and seldom make an entire circuit in a 
contrary direction.' 

6. Sturm, Germany, 1722,f 'However, the irregularity of 
the changes of the wind is not altogether without rule. From 
observations extending over a period of many years, and from 
those which have been made now at the time that we are 
writing, we find that there is a certain periodical revolution of 
the wind, — viz. that most frequently as a general rule, after the 
west wind, the north wind blows ; that this is followed by the 
east wind, after which the south wind makes its appearance, and 
this in its turn gradually passes over into the west wind. The 
intermediate points of the compass are also observed and the 
rotation is very rarely reversed, for the wind (if it by chance has 
returned to the south from the west) hardly ever passes in that 
direction beyond the east. Thus much is wanting to complete 
a full revolution in that direction, whereas full revolutions in 
the opposite direction are completed frequently, even several 
times in the course of one month. On this principle we have 
found a method, without further assistance, to perceive coming 
changes of weather at least for the next ensuing days, and 
even to foretell them with considerable accuracy. The whole of 
this we have found to be confirmed by repeated experiments.' 

7. Toaldo, Italy, 1774.$ ' In fact, if there be no obstacle, the 
winds go the round of the horizon with the sun.' 



* Be la Nature de VAir (Concerning the Nature of the Air), p. 160. 
t Fhyska Electiva give Hypothetica, torn. ii. p. 1206. 
$ La Meteorologia applicata aW Agriculiura (Meteorology applied to Agri- 
culture), p. 62. 
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8. Poitevin, Southern France.* ( When the winds have blown 
from the S. and SE. with violence and brought rain with them, 
they run through the SW. and W. points, and terminate with 
NW., which last brings back fine weather. 

( The N. and NE. winds often pass over the E. and are suc- 
ceeded by sea-winds (S. and SE.). It is very seldom that the 
N. winds veer directly to NW. ; however, this sometimes takes 
place : in general they traverse the horizon passing by the E.' 

9. KiNT.f ' In our northern hemisphere the winds usually, 
when they change from N. towards NE., traverse the whole 
circle from left to right in the following order : i. e. first to E., 
then to S., and then to W. Those winds which change in the 
opposite direction, as from N. to W. and so forth, seldom com- 
plete a whole revolution.' 

10. Eomme, Northern Temperate Zone of the Atlantic Ocean.% 
6 According to an English captain in the East India Company's 
service, the dominant winds from the parallel of 30° N. to the 
frigid zone are in this sea from W. or WSW. He remarks fur- 
ther, that a high N. or NW. wind, which ends with a calm, is 
followed by a S. wind, which brings rain, and this, if it rise 
high, shifts to W., NW., and N. If these latter winds become 
violent, they sometimes shift to NE. and blow for several days 
together, or else end in a calm which is followed by a S. wind. 
If this latter become rather westerly it is accompanied by rainy 
weather and squalls, and it often comes back to the S. during 
the rain.' 

11. Lampadius, Freiberg in Saxony, 1806.§ 6 How exceedingly 
changeable are the winds in Germany ! Yet I have remarked 
a kind of periodical movement in them, which is as follows. I 
suppose the wind to blow from the south, with a clear sky. The 
barometer falls, the weather becomes thick, rain follows. In 
the meantime the wind becomes westerly. The rain still con- 
tinues, and the barometer rises. The wind changes to the NW. 

* Climat de Montpettier, p. 65. f Physical Geography, 1802, p. 282. 

\ Tableaux des Vents, des Maries et des Courants (Description of the 
Winds, Tides, and Currents); vol. i. p. 56. 

§ Systematiscker Grunariss der Atmospharologie (Systematical Sketch of 
Atmospherology), p. 189. 
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Partial rain ensues. It grows colder. The barometer still rises, 
and the wind becomes N. and NE. The barometer is now at 
the highest point, the sky is serene, and the severest cold possi- 
ble at the season prevails. The wind veers to the E. and the 
barometer falls a little, but the weather as yet remains clear. 
The wind veers to the SE., the barometer still falls. The tem- 
perature increases again. The wind then changes to the S., 
and the temperature reaches the highest degree agreeable to the 
season: the barometer falls, and we come back again to the 
first point. There are annually several such periods in every 
season. Sometimes it will take several weeks to complete this 
rotation of the wind through the whole compass ; sometimes but 
a few days. The wind will very rarely change in a direction 
contrary to that above mentioned. In general, all changes from 
the left to the right of the horizon are more common with us, 
and a S. wind is the least frequent. There certainly exists a 
primary cause of this, which is, however, concealed by many 
casualties.' 

Lampadius has, however, gone beyond this excellent descrip- 
tion of the phenomenon. As Sturm had done before him, he 
has founded rules for prophesying the weather upon the 
supposed correctness of this law, and in his ' Contributions 
to Atmospherology ' has examined to what degree they may be 
depended upon. 

12. Dove, Konigsberg. ' In the course of my observations at 
Konigsberg, which commenced in September, 1826, 1 compared 
the direction of the wind with the indications given by the 
barometer, and I at once observed a remarkable phenomenon, 
an example of which is given in the succeeding table (p. 92), the 
heights being reduced to their values at 54° # 5 F. 

From this we see that while the barometer described an un- 
dulation, the wind veered round the whole compass. I have since 
observed rotations in the same direction, viz., S., W., N., E., S., 
at all seasons, but they are most striking during the winter. If 
a SW. wind blows with increasing violence, and finally prevails, 
it raises the temperature above the freezing point, and therefore 
snow cannot fall, but it rains, and the barometer arrives at its 
lowest state. The wind now shifts towards the W. and the thick 
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KONIGSBERG, Babometeh and Vane. 



Day 


8 A.M. 


Noon 


10 P.M. 


Wind 


Appearance of the Sky 




Inches 


Inches 


Inches 






September 25 . 


29829 


. 29-827 


30-069 


W. 


Cumuli 


26 . 


30-247 


30-311 


30-392 


NW. 


Overcast 


27 . 


30-441 


30-444 


30-386 


NE. 


Clear 


28 . 


30-371 


30-344 


30-307 


E. 


— 


29 . 


30-264 


30-229 


30-258 


E. 


— 


30 . 


30-293 


30-256 


30-246 


E. 


— 


October 1 . 


30-229 


30-223 


30-217 


ESE. 


— 


2 . 


30-244 


30-223 


30199 


SE. 


— 


3 . 


30156 


30-090 


29-972 


S. 


Cirri 


4 . 


29-886 


29902 


29-816 


S. 


Slightly overcast 


5 . 


29-798 


29-786 


29-781 


S. 


Earn 


6 . 


29-885 


29-971 


30131 


w. 


Overcast 



flakes of snow prove the approach of a colder wind, — a fact which 
is also indicated by the quickly rising barometer, the vane, and 
the thermometer. If the wind is N. the sky grows serene, if NE. 
the maximum of cold and of the barometer is observed. The 
latter however gradually begins to fall, and fine cirri show by 
the direction of the streaks at their commencement, the S. wind 
which had set in and which the barometer already indicates, 
although the vane feels nothing of it, and still points steadily to 
the E. The southerly wind, however, descending, with gradually 
increasing force, displaces the E. wind : simultaneously with a 
decided fall of the barometer the vane indicates SE., the sky 
becomes gradually more and more overcast, and as the tempera- 
ture rises and the wind shifts through SE. and S. to SW., the snow 
turns to rain. There is now a recommencement, and the fall 
of rain on the east side is separated in a highly characteristic 
manner from that on the west side by a brief period of clear 
weather. Once acquainted with the phenomenon, when it ap- 
peared in its most evident form, it was easy for me again to 
recognise it in its more irregular changes : nay 5 to class these 
latter as frequent resilitions, more usual on the west side. Hence, 
therefore, I ascertained that, in this country at least, all winds 
are whirlwinds on a great scale (I have observed rotations of 
from 1 to 22 days), and that the rotation of these whirlwinds is, 
on an average, always in the same direction.' 
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13. Hildreth, North America, Marietta, Ohio.* ' The winds 
perform a regular rotation in the direction SW., W., NW., N., 
NE., E., SE., S., never in the opposite direction ; this fact is 
especially observable in spring and autumn.' 

14. Duden, North America.] ' In the State of Missouri, the 
wind, in constant repetition, traverses within from ten to twenty 
days every quarter of the horizon, and always in the following 
order, going from E. through S. to W. and through N. towards E.' 
Duden adds that he had never observed a complete revolution 
in the opposite direction. 

15. Schubler, Germany, says : ' The rotation of the winds in 
Germany takes place more frequently in the order of S. through 
SW., W., NW., N., NE., E., and SE., than in the opposite order 
of S., through SE., E., NE.,' &c. .&c. 

16. Siberia. According to a verbal communication from 
Baron von Humboldt, the regular rotation of the wind with the 
sun is known to the natives of that country. 

17. Von Wrangel, Sitka.% ' In New Archangel the prevalent 
winds are SE. and SW. If the wind shift from S. towards SW. 
and W., it is accompanied by violent squalls, and thunder-storms 
are frequently observed, especially towards the end of autumn 
(November) and in winter, never, however, in summer. If the 
wind veer round from W. to NW., the weather clears, and a 
long continuance of fine weather in Sitka is always accompanied 
by NW. wind. If it veers from NW. through N. to NE. we 
have again violent squalls, which sometimes last for some time. 
If it go further towards E. and on to SE., rain invariably follows, 
with a continuance of damp and cloudy weather. This condition 
of the weather is especially prevalent when the S. wind veers 
backwards towards SE. The barometer falls with SE. and NE. 
winds, it rises with SW. and NW. winds.' 

Herr von Baer adds : < It seems to me very interesting that 
Herr von Wrangel noticed at Sitka the normal rotation of 
the winds from N. through E. to S., and termed the opposite 



* Silliman, American Journal, 20, p. 127. 

t Journey to the Western States of America, p. 200. 

X Bulletin de FAcad. de St. FUenhwrg, 1838, Dec, p. 17. 



Digitized byLjOOQlC 



94 THE CHANGEABLE WINDS. 

rotation retrograde, at the same time as Professor Dove in 
Europe was propounding the Law of Gyration of the winds.' 

18. Dupuis de Maconet, Lyons.* ' Whenever the N. wind 
gives way to the S. wind, the change always takes place through 
E. ; when it returns from S. to N., the change almost always 
takes place through W.' 

19. Drake, Cincinnati, 1850.f 'Our winds, as is generally 
the case with winds in the northern hemisphere, veer from one 
point of the horizon to another in a regular order. Every ob- 
server in the centre or southern portion of the valley is con- 
vinced of the correctness of this statement. The usual direction 
of the change is from left to right when the observer turns his 
face to the S., and the same when he turns it to the N. Hence 
a SE. wind becomes successively S., SW., W., NW., N., NE., 
without a calm having intervened. A change in the opposite 
direction never takes place without a calm following the N. 
wind ; and if in this case a S. wind ensues, this is in reality a 
commencement of the rotation afresh. An easterly wind seldom 
takes a true E. course, but is converted into SE., and the NW. 
wind seldom veers round as far as E. Although the wind fre- 
quently blows from the three points S., W., and NW. in succes- 
sion, it seldom reaches E. It usually begins as SE., and before 
it reaches this point from N. it has generally totally died away.' 

20. Kane, Smith Sound, Renselaer Harbour.]. € Dove's Law of 
Gyration does not well admit of confirmation, owing to the 
great prevalence of calms, and also to the rare occurrence and 
slight intensity of the winds between S. and NW. Nevertheless 
we may observe a tendency in the case of ENE., NNE., and 
NNW. winds to shift in accordance with the law, in the propor- 
tion of three instances confirmatory to one contrary, i.e. with a 
relative probability of f in favour of the law.' 

We now pass on to the direct enumeration of the 
changes of the vane. 

* Ann. des Sciences Phys. et Nat. dela SocieU tf Agriculture de Lyon, vol. i. 
p. 493. 

t Principal Diseases of the Interior Valley of N. America, p. 572. 
\ Kane's Meteorological Observations in the Arctic Seas, p. 81. 
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- When I published my first investigations relative to 
the Law of Gyration in the year 1827, I stated my 
reasons for preferring the indirect evidence, which I shall 
indicate below, given by the variations of the barometer, 
thermometer, and hygrometer, to the direct evidence 
given by a simple enumeration of the number of times 
in which the change of the wind took place in accord- 
ance with the Law of Gyration or against it. Buys 
Ballot agrees with me in this view (Pogg. Ann. lxviii. 
p. 417), and he considers these proofs as more conclusive 
in proportion as they appear to be concealed by those 
changes. 

If we trust to a simple enumeration of the number of 
changes of wind it is unavoidably the case that all changes 
of wind through an arc greater than 180° are considered 
as contrary to the law. This shows us accordingly that 
the hours of observation may be so arranged that every 
such calculation must lead to a false interpretation of the 
result. If the interval between the hours of observation 
exceed the mean duration of a half revolution, an actual 
confirmation of the law will be considered as a retrograde 
rotation, i.e. as a contradiction to the law. Before, there- 
fore, we undertake such a calculation we must determine 
the average length of time required for the accomplish- 
ment of a full revolution. According to my experience, 
this can only be determined by direct observations made 
with registering instruments, or by comparing the results 
of observations made at shorter intervals with those made 
at longer ones. In the case when the vane oscillates back- 
wards and forwards, the answer to the question is not to 
be sought for in the absolute number of times that it 
moves in one direction or the other, but in the relative 
lengths of the arcs to which the sum of these motions 
in each direction extend. 
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We cannot therefore wonder that Schouw,* who, with- 
out taking notice of this important fact, investigated 1100 
changes of the wind observed by Neuber at Apenrade, 
found 559 of them to be in the direction S.W.N.E., and 
457 in the opposite direction. We should wonder that 
he obtained so decisive a majority in favour of the law, 
since all fluctuations were taken into consideration. 

Karlsruhe. Eisenlohk,! by an examination of 46,665 obser- 
vations, extending over a period of forty-three years, finds the 
following proportion of the number of rotations in the direction 
S.W.N.E., to the number in the opposite direction : 



Rotations 


Winter 


Spring 


Summer 


Autumn 


Year 


Of 180° 
135 
90 
45 


1-57759 
104196 
105479 
1-00224 


1-75439 
1-05858 
098524 
0-97302 


1-41451 
103462 
113167 
0-95801 


1-36965 
1-12883 
105851 
0-99628 


1-51807 
106211 
105869 
0-98030 


Total. . 


1-09877 


1-10024 


107189 


1-09142 


1-08881 



From this we see that the greater the arc through which the 
rotation takes place, the more decided is the predominance of the 
direct rotations over those which are retrograde ; whence we see 
clearly that the smaller fluctuations are merely oscillations of 
the wind. Apart from the magnitude of the arc of rotation, 
this predominance is observable not only in the mean for the 
whole year, but also in those for the different seasons. 

In order to exhibit at one glance the result of this investiga- 

* Collectanea Meteorologxca sub auspiciis Societatis Danica edita (Meteoro- 
logical Observations collected and published under the auspices of the 
Danish Society), i. 1829. 

t Unter8uchunffen uber den ffinfluss des Windes auf den Barometerstand, 
die Temperatur, die Bewolkung des Himmels und die verschiedenen Meteore su 
Karlsruhe. (Investigations relative to the influence of the Wind on the level 
of the Barometer, the Temperature, the Clouds, and the various Meteorolo- 
gical Phenomena at Carlsruhe). Heidelberg, 1837. 
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tion, without the least intention of wishing to give a determination 
of the rate of rotation, I have calculated, by means of Lam- 
bert's formula, the mean direction given by all the observations 
taken before each wind, and also that given by those after it, 
and subtracted the latter from the former. The negative sign 
indicates a rotation in a direction contrary to the law. 





Winter 


Spring 


Summer 


Autumn 


Year 


N.. 


5° 6' 


10° V 


8° 40' 


7° 2(K 


8° 5' 


HE. 


1 24 


2 34 


27 


2 25 


••• 


E. 


1 15 


4 52 


7 1 


2 39 


8 3 


SE. 


22 53 


13 5 


16 6 


21 21 


12 18 


S. 


19 


2 42 


4 42 


-1 4 


1 10 


SW. 


51 


2 4 


46 


1 3 


1 8 


w. 


1 24 ' 


1 5 


-0 13 


1 26 


41 


NW. 


11 23 


11 12 


7 40 


10 45 


9 50 



The hours of observation being 7, 2, 9, the changes of direc- 
tion are referred to periods of seven or ten hours. 

Berlvn. Emsmann* has counted the rotations at Berlin in 
the years 1831—1835. He finds 347-2 direct, and 277*8 retro- 
grade, so that the excess of the former over the latter is 69*4. 
He further finds that the yearly average of complete direct revo- 
lutions without any check whatever is 12, of retrograde 3. 

Onadenfeld near Kosel in Silesia. KoLBiNGf finds in one year 
10 complete direct revolutions; 1 of 3 days' duration, 4 of 4 
days', 1 of 7, and 1 of 19 days'. In the following years, 1844 and 
1845 J, when the observations were at times interrupted, he finds 
21 complete direct rotations, of durations varying from 16 hours 
to 1 1 days, and not a single complete retrograde revolution. 

Lenzburgin Switzerland. Hofmeisteh§ finds for 6 years 
the proportion of the retrograde rotations to those which are 
direct, for the various arcs, to be as follows : — 

* Untersuchungen uber die WtndverhaUnme in Berlin (Investigations on 
the Circumstances of the Wind at Berlin). Frankfort-on-the-Oder ; 1839. 

t Mefeorologische Beobachtungen (Meteorological Observations). Poggen- 
dorfFs Annalen, lxii. p. 373. 

\ Pogg. Ann. lxxi. p. 309. 

§ Neue Denkschrifien der aUgemeinen schwetzerischen QeseUschaft (New 
Memoirs of the General Society of Switzerland), 10, p. 54 

H 
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Arc22£° . . 
45 . . . 
67* . . 
90 . . . 

Netherlands. 



1 

1-2754 
1-4839 
1-1379 



Arc 112*° 
135 . 
157£ 



1 : 1-0769 
1 : 1-1944 
1 : 0-7879 



Buys Ballot's* calculations embrace 34 years 
in 4 groups, viz. 1730—1737; 1737—1743; 1749—1758; 
1760 — 1769. The observations were instituted on 3 occasions 
by Muschenbroek. The calculations were made in the follow- 
ing manner : — If the wind were originally W. this was noted at 
the top of the column ; if at the next observation it was NW., 
a vertical stroke was made in the column between W. and NW. 
If NE. followed after NW. two such strokes were made, one be- 
tween NW. and N., and one between N. and NE. If N. followed 
NE. a horizontal stroke was made between N. and NE. If SW. 
followed N. three such strokes were made ; viz., between SW. 
and W., W. and NW., and NW. and N. In this way all direct 
rotations with their intermediate stages were marked by vertical, 
all retrograde by horizontal strokes. If the directions given by 
two successive observations were diametrically opposite, this was 
noted in a. column by itself as * leap,' since it could not be deter- 
mined in which direction the rotation had taken place. The 
following table contains the results of this calculation ; (— ) 
signs, as usual, indicate abnormal gyrations. 

WINTER 





1730-1737 


1737—1743 


1749—1758 


1760—1769 


Sum 


S.— SW. 


2 


27 


33 


17 


79 


sw.— w. 





28 


32 


14 


74 


W.— NW. 





29 


27 


13 


69 


NW.— N. 


-4 


30 


28 


8 


62 


N.— NE. 


-4 


24 


24 


9 


53 


NE.— E. 


-1 


23 


26 


7 


65 


E.— SE. 





22 


33 


11 


66 


SE.— S. 


2 


23 


32 


18 


75 


Shifts .... 


-5 


206 


235 


97 


633 


Leaps .... 


35 


25 


40 


43 


103 



* Einiges uber das Dove'sche Drehungsyesetz (Something about Dove's 
Law of Gyration). Pogg. Ann. lxviii. p. 417. 
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SPRING 





1730—1737 


1737-1743 


1749—1758 


1760-1769 


Sum 


s.— sw. 


12 


3 


13 


16 


44 


sw.— w. 


11 


3 


13 


17 


44 


W.-NW. 


9 


8 


19 


12 


48 


NW.— N. 


11 


5 


15 


9 


40 


N.— NE. 


12 


9 


17 


15 


53 


NE.— E. 


13 


10 


18 


19 


60 


E.— SE. 


13 


4 


14 


23 


54 


SE.— S. 


12 


5 


17 


24 


58 


Shifts .... 


93 


47 


126 


135 


401 


Leaps .... 


41 


28 . 


60 


67 


196 



SUMMER 





1730-1737 


1737—1743 


1749-1758 


1760—1769 


Sum 


S.— SW. 


11 


18 


15 


15 


59 


sw.— w. 


10 


18 


16 


15 


59 


W.— NW. 


8 


11 


21 


18 


58 


NW.-N. 


8 


13 


22 


21 


64 


N.— NE. 


8 


9 


19 


23 


59 


NE.— E. 


8 


9 


16 


20 


53 


E.— SE. 


11 


16 


12 


17 


56 


SE.— S. 


9 


15 


10 


17 


51 


Shifts .... 


73 


109 


131 


146 


459 


Leaps .... 


33 


26 


51 


46 


156 



AUTUMN 





1730—1737 


1737—1743 


1749—1758 


1760-1769 


Sum 


S.— SW. 


8 


14 


19 


14 


43 


sw.— w. 


8 


12 


22 


23 


65 


W.— NW. 


15 


18 


21 


17 


71 


NW.— N. 


18 


17 


21 


18 


74 


N.— NE. 


17 


19 


15 


19 


70 


NE.— E. 


17 


19 


11 


13 


60 


E.— SE. 


10 


14 


7 


16 


47 


SE.— S. 


9 


15 


8 


13 


47 


Shifts .... 


102 


128 


122 


133 


485 


Leaps .... 


27 


22 


36 


30 


115 



H 2 
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The first column of the following table contains the figures 
for five other years, viz., 1729, 1744, 1747, an unknown year, 
and 1759 ; the second column those for the whole thirty-nine 
years. 





Fi?e years 


Thirty-nine yeari 


S.— sw. 


73 


322 


sw.— w. 


63 


318 


W.—NW. 


55 


312 


NW.-N. 


60 


300 


N.— NE. 


54 


299 


NE.— E. 


51 


292 


E.— SE. 


68 


295 


SE.— S. 


65 


109 


Gyrations 


469 


2347 


Leaps 


80+^r 


660 + x 



The last column gives us an annual average of 60£ as the 
excess of the direct over the retrograde rotations ; and if we take 
the number of leaps in the year 1829, in which they were not 
observed, at 19, an annual average of 17-J- leaps. Hence, if we 
count the leaps as equal to four times one shift in an undeter- 
mined direction, we have, as excess of the direct rotations, 
60 + 58f . 

In addition to this, the number of direct shifts at the different 
seasons is nearly constant; perhaps it is a little higher in winter. 
As to the rate at which the shift takes place, it is evident that, 
as the wind must make an equal number of shifts through all 
points of the compass, it is inversely proportional to the fre- 
quency with which the wind blows from each point. If we 
assume J- as the number of leaps in the direction of direct gyra- 
tion, and therefore 66*8 for that of the positive shifts, we see 
that, as the eight points are distant 45° from each other, the wind 
will veer -S-J^s times through each quarter, and in n times **i-s 
degrees. This gives, on an average — 
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S. to SW. . 


. 4-1° 


N. 


toNE. . 


. 6-0° 


sw. w. . 


. 3-1 


NE. 


E. . . 


. 5-85 


W. NW. . 


. 3-6 


E. 


S.E. . 


. 6-5 


NW. N". . . 


. 4-55 


SE. 


S. . . 


. 6-2 



Liverpool. Follet Osler* in the ' Eeport of the 25th Meet- 
ing of the British Association, held at Glasgow in September 
1855,' has given the results which have been obtained under 
the direction of Hartnup at the Liverpool Observatory, by means 
of Osier's self-registering anemometer, improved by Robinsou, 
in the years 1852 — 1855, The following complete revolutions 
were observed : — 



Year 


Direct 


Retrograde 


Excess of direct 


1852 
1853 
1854 
1855 


28 
24 
26 
24 


12 

12 

2 

10 


16 
12 
24 
14 


Mean . . 


255 


9 


16*5 



Greenwich. The calculations are taken from Grlaisher's 
€ Greenwich Magnetical and Meteorological Observations,' for 
eighteen years. 

At Greenwich the average annual excess of the direct over the 
retrograde rotations for the first seventeen years, is fourteen com- 
plete revolutions. In the several years, 1842 to 1858, it was 
13-0, 20-7, 21-6, 7-5, 18-1, 10-7, 12-1, 23-3, 15-9, 19-1, 8-8, 
— 1-8, 6-8, 10-6, 16-3, 14-7,24-0. Thus we see that the year 1853 
exhibits a complete anomaly. As regards its temperature it 
presented such an exception to the general rule, that in eastern 
Germany the month of March was colder than that of February, 
which again was colder than January. In Berlin the tem- 
perature of the last-named two months was the same. It is 

* An account of the self-registering Anemometer and Rain-gauge erected 
at the Liverpool Observatory in the autumn of 1861, with a summary of the 
records for the years 1852, 1853, 1854, and 1855. 
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interesting to find that such an unusual distribution of tem- 
perature is accompanied by abnormal motions of the vane to an 
extent which has not been observed in any other year since the 
introduction of self-registering instruments. In any calculations 
of averages for a short period, the year 1853 must be totally 
excluded. 

In the following table I have added together the rotations 
expressed in degrees for the different years, and thence deter- 
mined the absolute mean. We see that the great anomalies of 
the last years reduce the excess in autumn materially, — in fact 
remove it completely in October. This shows probably that 
cyclones are most common at this period. 

(The year 1859 has been included in this table, by Professor 
Dove's desire. It does not appear in the German edition.) 





1842 


1843 


1844 


1845 


1846 


1847 


1848 


January . . 
February . . 
March . . . 
April . . . 
May . . • 
June . . . 
July . . . 
August . . 
September . 
October . . 
November . 
December 


135 
540 
293 
337 
360 
1,525 
472 
270 
161 
90 
135 
382 


270 

495 
1,327 

551 
1,923 
1,102 

810 

1,260 

90 

67 

-427 

- 22 


112 

-506 

1,012 

731 

652 

405 

2,677 

607 

2,589 

-112 

- 90 

-292 


- 90 
855 
382 

-270 
315 

1,462 
360 

-180 
225 

-247 

1,125 


45 

- 720 
675 

1,147 

540 

-1,327 

- 135 
1,012 

292 

- 382 

67 

- 562 


225 

-1,012 

562 

1,080 

135 

882 

1,642 

- 22 

202 

157 

742 

225 




-135 

922 

-315 

1,215 

720 

990 

1,282 

180 

- 45 

-652 

180 




1849 


1850 


1851 


1852 


1853 


1854 


January . . 
February . . 
March . . . 
April . . . 
May. . . . 
June. . . . 
July. . . . 
August . . . 
September . . 
October . . . 
November . . 
December . . 


945 

360 

472 
-472 

910 
2,319 

607 
1,282 

675 
1,170 

562 
-427 


652 
157 

1,957 

922 

67 

1,237 
135 
315 

-90 

-22 
157 
225 


585 

900 

1,080 

742 

1,957 

-337 

832 

427 

652 

-360 

-202 

607 


360 

360 

1,192 

360 

-180 

22 

1,102 

292 

45 

- 1,102 

495 

225 


- 67 

- 247 

- 67 

- 1,057 

877 ■ 

- 495 ■ 

- 720 
1,035 

337 • 

- 1,080 - 

720 - 
90 


1,035 
292 

2,227 
382 

- 1,597 

- 202 
2,475 
1,710 

- 2,970 

- 585 

- 315 
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Mean for 




1855 


1856 


1857 


1858 


1859 


18 yean 


January. . . . 


-225 


405 


-270 


135 


381-5 


257 


February 








-540 


180 


- 67 


-202-5 


22-5 


41 


March . 








180 


810 


1,035 


1,237*5 


495 


868 


April 
May . . 








-742 


-720 


495 


2,1375 


401-5 


239 








1,192 


180 


1,125 


-360 


1,192-5 


583 


June . . 








1,170 


2,250 


1,260 


3,735 


1,260 


855 


July . . 








720 


1,170 


720 


-585 


1,305 


810 


August . 








923 


495 





472-5 


22-5 


622 


September 








1,957 


697 


270 


405 


292-5 


332 


October . 








-225 


427 


45 


135 


67*5 


-40 


November 








-810 


45 


697 


922-5 


450 


306 


December 








270 


- 90 


- 22 


6525 


-854-5 


36 



This gives annually fourteen complete revolutions. 

Oxford (Meteorological Observations made at the Eadcliffe 
Observatory). According to Johnson's observations in the year 
1856, between the middle of July and the end of December, the 
ratio which the direct rotations bore to the retrograde was 
24 : 19. In the year 1857 the excess of the former over the 
latter was 9 complete revolutions. 

Bru88eU. Quetelet has calculated the years 1842 to 1846 
for Brussels. He gives the following table of the excess of direct 
over retrograde rotations : — 





Winter 


Spriiig 


Summer 


Autumn 


Year 


1842 .... 


2 


5 


12 


2 


21 


1843 .... 


1 





8 


1 


11 


1844 .... 





7 


2 


1 


10 


1845 .... 





4 


5 


1 


10 


1846 .... 


1 


8 


8 


-1 


16 


Mean .... 


0-8 


4-8 


70 


1 


14 



The shortest period of a complete revolution was thirty-nine 
hours, the longest eighty-eight days ; the ratio of the direct to 
the retrograde changes in the several months was — # 97, 1*00, 
1-06, 2-89, 1-47, 2-00, 2-45, 2-18, 1-53, 1-30,0-75, 1-58. January 
and November are accordingly abnormal, especially the latter. 
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Kharkov. Lapshinb, in a special treatise ' Le8 Vents qui 
soufflent a Kharkov suivent-ils la loi decouverte par M. DoveV 
(Do the winds which blow at Kharkov obey the law discovered 
by M. Dove or not ?) finds the excess of rotations for the mean 
of five years (1845 — 1849) to be fifteen complete revolutions, 
and for the separate months the ratios of the excesses to be as 
follows: 25-2, 5-6, 19-8, 36-2, 32-8, 35-8, 16-8, 21-4, 14-2, 16-2, 
12*4, 4*5. February and December minimum, April, May, and 
June maximum, and the year 1846 abnormal. 

The number of complete revolutions at Liverpool, London, 
Brussels, and Kharkov being 16*5, 13*6, 14, 15 respectively, we 
see that there is a correspondence between the results obtained 
in western and eastern Europe ; indeed the fact could hardly be 
otherwise, inasmuch as the phenomenon is produced by the alter- 
nation of polar and equatorial currents of great lateral exten- 
sion. This lateral extension of the current is also proved by the 
results of rny investigations on the non-periodical changes of 
temperature, from which it appears that when too high tem- 
peratures are felt temporarily over any area, they are always 
compensated by too low temperatures over some adjoining dis- 
trict, but that a very extensive area of observation is always 
required in order to pass beyond the boundaries of one of the 
currents. 

Madrid. Eico y Sinobas* gives the following number of 
complete revolutions obtained from the Osier's anemometer in 
1854. 





Direct 


Retrograde. 


Excess 


Winter . . . 
Spring . . . 
Summer . . 
Autumn . . 


12 
11 
26 
16 


6 
8 
6 
6 


6 

3 

21 

11 


Year . . . 


65 


24 


41 



* JRemmen de los Trabqfos Meteorologicos correspondientes al anno 1864, 
verificados en el Real Observatorio de Madrid (Summary of Meteorological 
Observations during the year 1854, verified at the Royal Observatory of 
Madrid), 1854, 4to. 
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Bermuda* Excess of direct shiftings over indirect, in degrees 





1859 


I860 


Mean 


January .... 




1,710 




February 








... 


1,035 


... 


March 








... 


1,732 


... 


April . . 








540 


2,002 


1,271 


May . . 








945 


1,147 


1,046 


June . . 








495 


315 


405 


July . . 








-90 


1,057 


483 


August . 








450 


967 


709 


September 








585 


675 


630 


October . 








1,800 


... 


••• 


November 








2,155 


**• 


... 


December 




1,260 


... 


... 


38 complete revolutions. 



From the investigations as to the storms on the W. coast 
of Europe which will follow, we may conclude that the 
majority of these storms follow on the whole the course of 
the storm of December 24, 1821, which I proved in the 
year 1828 to have been a cyclone, and which we shall 
consider in full at p. 162. They move from SW. to NE., 
and frequently parts of England he on the W. side of the 
path of the centre. The phenomenon of two winds 4 fight- 
ing,' which we shall examine after the cyclones, appears, 
according to all observations which I have as yet been 
able to obtain, to be more common in central and eastern 
Europe. The storms of the Mediterranean and Black Seas 
appear to possess preeminently the character of a contest 
between the return Trade-wind on its descent from the 
higher regions of the atmosphere, with the polar current 
which moves in the opposite direction. 

Tliis leads us to the conclusion that the chief cause of 
concealment of the law of gyration in eastern Europe is 

* Anemometry at Bermuda (Eighth Number of Meteorological Papers 
published by authority of the Board of Trade). 
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the 'fighting* of currents ; in western Europe it is cyclon- 
ical disturbance. 

In conclusion I subjoin the results, expressed in degrees, 
which have been obtained from the Osier's anemometer at 
Bombay. The normal phenomenon makes its appearance 
here especially at the change of the Monsoon, but is ob- 
servable at all seasons. Although Hadley's principle may 
be applied to the change of the Monsoon, yet we cannot 
apply it immediately to the lesser oscillations of the cur- 
rents once they have set in ; consequently the question in 
how far these are due to local causes is left to the observer 
to determine. 





1848 


1849 


I860 


1851 


Mean 


January . . . 


709 





720 


720 


537 


February . . 


1,080 


720 


1,080 


337 


643 


March . . . 


1,766 


1,440 


720 


1,103 


1,257 


April .... 
May . . 


1,091 


1,080 


-45 


1,035 


790 


315 


382 


-68 


23 


163 


June . . . 


372 


270 


697 


-450 


222 


July .... 


709 


1,080 


360 


765 


729 


August . . . 


382 


180 


1,080 


360 


500 


September . . 


383 


1,238 


472 


1,125 


805 


October . . . 


2,169 


1,462 


3,228 


1,463 


2,093 


November . . 


1,800 


945 


720 


360 


706 


December . . 


1,080 


923 


720 


45 


692 



The final result of the foregoing investigation proves 
clearly that the law of gyration, any disturbing influences 
notwithstanding, is noticeable in a decided manner in the 
direct observations of the vane. 

I may be excused for having quoted such a large num- 
ber of proofs of the regular gyration of the wind, when it 
is remembered that my object has been to establish a fact 
which, when I published in 1827 my first investigations 
on the Law of Gyration, was distinctly denied by Schouw, 
and which too was not mentioned in the meteorological 
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works of Cotte, Deluc, Saussure,Dalton, Daniell, or Howard. 
Ten years subsequently Pouillet expressed his opinion on 
the subject in the following words : — * On a cru remarquer 
que dans certains lieux les vents se succhdent dans un ordre 
determine ; mats ces observations presentent encore trop 
d ^incertitude pour quHl nous soit permis de les discuter id.* 
(Some observers believe that at certain stations the winds 
succeed each other in a determined order; however, these 
observations exhibit as yet too great uncertainty for us to 
discuss them here.) 



3. The Eegular Shifting of the Wind in the Southern 
Hemisphere. 

-> S., SE., K, NR, N., NW., W., SW., S. -> 

1. I am indebted to the kindness of Captain Wendt, 
who sailed round the world several times, as commander 
of the Prussian ship Prinzess Luise, in answer to an enquiry 
addressed to him, for the following notice : — 

4 The wind in the southern hemisphere usually veers from N. 
through W. to S. and SE. Its direction consequently is contrary 
to that of the wind in the northern hemisphere. To the best of 
my knowledge the fact is nearly as follows : — Near the Cape of 
(rood Hope in summer, the wind is chiefly SE., but if the wind 
turns northerly it always freshens. When the best summer 
months are at an end, after a calm of short duration the wind 
usually blows very moderately from SE., with an unusually clear 
sky. As soon as the wind veers towards the E. it rises steadily; 
and if it has got to the N., clouds and lightning are sure to appear 
on the western horizon, and in less than half an hour a storm 
from WNW. will almost always ensue, and will not cease until, 
after 24 or 48 hours, it has veered more to the S. 

' Near Cape Horn, both to the eastward and westward of it, 
with a north wind, there is generally fine weather ; when it veers 
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to the NW. it soon blows hard ; with a WNW. to SW. it usually 
blows a storm (which is also frequently the case from WNW* 
with a NW. wind succeeding it). The wind subsides as it becomes 
southerly ; SSE. brings fine weather, frequently succeeded by 
a calm.' 

2. Le Gtentil.* Ethiopian Sea. s On the 25th and 26th, we 
experienced a squall, which veered from N. through W. to SW., 
and I remarked a fact which you have had opportunity of observ- 
ing more frequently than myself, that the winds do not follow the 
same rule in this hemisphere as in the northern; in the latter they 
make the circuit of the compass from N. to NE., E., SE., S., &c; 
in the southern hemisphere, on the contrary, they move in an 
opposite direction. The thunderstorms, gales, and squalls seem 
to me to bear out the analogy in both hemispheres. Physicists 
have as yet given no explanation of this phenomenon.' 

3. Don ULLOA.f Pacific Ocean. 'The wind in the South 
Pacific Ocean is never fixed in the NE., nor does it ever change 
from thence to the E. ; its constant variation being to the W. or 
SW., contrary to what is observed in the northern hemisphere. 
In both the change of wind usually corresponds with the course 
of the sun ; hence, in the northern, it changes from E. to S. and 
thence to W., in the southern from E. to N. and thence to W.' 

4. Forstek4 South Sea. < Between 40° and 60° S. latitude, 
in the year 1773, we quite unexpectedly met with easterly winds, 
which were very contrary to our course at the time. It was also 
remarkable that every time the wind changed, which was the 
case four times between the 5th of June and the 5th of July, it 
gradually moved half round the compass in a direction contrary 
to the course of the sun.' I believe I may understand Forster 
to have borrowed this expression, in the way usual among sailors, 
from the course of the sun in the northern hemisphere. 

5. Don Cosme Churruca.§ Straits of Magellan. (Commu- 

* Voyage dam les Mers de VInde (Voyage in Indian Waters), vol. ii. p. 
701, Letter to M. de la Nux. 

t Voyage to South America, vol. i. p. 8, ch. 3. 

X Bemerkungen (Remarks), p. 111. 

§ Apendice d la Relation del Viage al Magelhanes (Appendix to the Story 
of the Voyage to Magellan). Madrid, 1793, p. 15. 
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nicated by Baron von Humboldt.) 'In the southern hemisphere 
the winds usually succeed each other in the opposite order to 
that which they follow in ours. In our seas the winds change 
from N. to E., S., W., to N. ; in the southern hemisphere, on the 
contrary, from N. to W., S., E., to N.' 

6. Horsbuegh.* South Atlantic Ocean, Lat. 38°. € Although 
here the westerly winds prevail during most months of the year, 
they axe often very unsettled, completing a revolution round the 
horizon, coincident with the course of the sun, every two, three, or 
four days with intervening calms, particularly when the wind is 
from the south-west quarter. When cloudy weather accompanies 
these northerly and north-westerly winds, there is a risk of a 
sudden shift to south-west and south.' 

7. Sea South of the EAgulhas Bank.] Around the Cape Bank, 
as in the open sea far to the SW., SE., and southward of the 
Cape, the winds in changing follow the course of the sun, seldom 
veering from north to eastward, &c, but mostly from NW. to 
W., SW., and southward. After blowing strong from NW. or 
W., if the wind should veer to SW. and southward it becomes 
light or is succeeded by a calm. If a light breeze continues, it 
veers to the south-eastward, where it may keep fixed for a con- 
siderable time, but not above a day most probably if it is the 
winter season. From south-east it veers to the east and NE., 
then to NNE. and north. 



When the wind at SE. or ESE. shifted to the north-eastward, 
the Dutch commanders were directed by the Company to take in 
the mainsail. If lightning appeared in the NW. quarter, they 
were to wear and shorten sail ; for in the first case they expected 
a hard gale at north-west, and if lightning was seen in that 
direction they thought the gale would commence in a sudden 
shift or whirlwind, which might be fatal if they were taken 
aback.' 

8. Sea South of Australia^ ' Off the south coast of Terra 

* East India Directory, vol. i. p. 67. 
,t Ibid. vol. i. p. 01. 
t Ibid. vol. i. p. 97. 
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Australia the progress of the gales is usually this : the barometer 
falls to 29*5 ins. or lower, and the wind rises from the NW. with 
thick weather, commonly with rain ; it veers gradually to the 
west, increasing in strength, and when it veers to the southward 
of that point, the weather begins to clear up. At south-west 
the gale blows hardest and the barometer rises, and by the time 
the wind gets to S. or SSE. it becomes moderate, with fine 
weather and the barometer above 30 inches.' 

9. King & Fitzkoy.* South Coast of Chili. ' With northerly 
and north-westerly winds the sky is overcast, the weather 
unsettled, damp, and disagreeable. These winds are always 
accompanied by clouds and usually by thick rainy weather. 
From the north-west the wind in general shifts to the south-west 
and thence to the southward. Sometimes it flies round in a 
violent squall, accompanied by rain, thunder, and lightning. At 
other times it draws gradually round. Directly the wind is south- 
ward of west the clouds begin to disperse, and as a steady southerly 
wind approaches, the sky becomes clear and the weather healthily 
pleasant. A turn of fresh southerly wind is usually followed by 
a moderate breeze from the south-west, with very fine weather. 
Light variable breezes follow, clouds gradually overspread the 
sky, and another round turn is generally begun by light or 
moderate north-easterly breezes, with cloudy weather and often 
rain. 

€ This is the general order of change ; when the wind shifts 
against this order, or backs round, bad weather with strong winds 
may be expected.' 

10. FiTZROT.f Terra del Fuego. € From the north the wind al- 
ways beginsto blow moderately, but with thicker weather and more 
clouds than when from the eastward ; it is generally accompanied 
by small rain. Increasing in strength, it draws to the westward 
gradually, and blows hard from between north and north-west with 
heavy clouds, thick weather, and much rain. When the fury 
of the north-wester is expended, which varies from twelve to 



* Narrative of the Surveying Voyages of the Adventure and Beagle, 
Appendix to vol. ii. p. 184. 
t Ibid. p. 314. Sailing Directions for Terra del Fuego. 



Digitized byLjOOQlC 



EEGULAR SHIFTING OF WIND IN SOUTHERN HEMISPHERE. Ill 

fifty hours, or even while it is blowing hard, the wind sometimes 
shifts suddenly into the SW. quarter, blowing harder than before. 
This wind soon drives away the clouds, and in a few hours causes 
clear weather, though perhaps with heavy squalls passing occa- 
sionally. All kinds of shifts and changes are experienced from 
north to south, by the west, during the summer months. The 
barometer is lowest with NW. winds and highest with SE. It is 
low with NW. and N.; if it fall to 29 in., or 28-8, a SW. gale 
may be expected, but it does not commence until the column 
has ceased to descend.' 

11. Sea between Cape Horn and 40° S. Lat.* 'If the sky 
becomes overcast during a calm, which is usually of short 
duration, the first breeze rises from N. and NNE., it dies gra- 
dually away, rain begins to fall, and the weather becomes thick, 
especially near the coast. If the wind has changed to NW., it 
generally veers to WSW., often with heavy showers, or a shower 
follows soon, and the wind reaches its greatest height. When- 
ever these showers from WSW. have lasted for a time, they cease 
with a SW. wind, and the weather becomes fine; they then change, 
but seldom, to SSW. and SSE. The last-mentioned changes take 
place chiefly near the coast, and to the south-west of Cape 
Horn.' 

12. Dupetit THOUARS.f Valparaiso. 'In winter the winds are 
changeable; if they come from NE. and N. they are accompanied 
by rain and clouds, if they freshen from the N. they veer to the 
NW. with showers, thence to the W. and S., which brings back 
the fine weather.' 

The observations made in the roadstead of Valparaiso lead to 
the same result as those of Dupetit Thouars : i.e. — If after a calm 
a breeze rises from N. and NNE., it veers round to NW., and then 
to SW., S., and SE. 

13. Hbtwood.J Rio de la Plaia. 'Before a SW. gale or a 
"Pampero," the weather is usually uncertain, with change- 
able winds from the N. and NW. quarters, preceded by a 

* Depot GenSral de la Marine. Instructions sur les CStes du Perm en 1824 
(Instructions on the Coasts of Peru in 1824), p. 7. 
t Plan de la Baie de Valparaiso (Plan of the Bay of Valparaiso). 
\ Instructions and Observations for Navigating the Bio de la Plata. 
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considerable fall of the barometer. This rises a little, however, 
before the wind goes to SW., and often continues to rise even 
when the wind blows strongly from this quarter.' 

14. Basil Hall.* 'To express myself generally I will remark, 
that T have often noticed, that in the southern hemisphere the 
wind changes more frequently from S. to E., N., W., S., than in 
the opposite direction, while in the northern hemisphere it 
changes more frequently from S. to W., N., E., S.' 

1 5. Dttmont D'Urville. < Extract from the Log of the Astrolabe 
relating to the principal variations of the wind in the southern 
hemisphere, in the years 1826 — 1827 ' (private letter), Toulon, 
August 3, 1837, at the moment of starting on his last voyage 
round the world. 

1826. < From the 10th to the 13th of August (Lat. S. 30°, Long. 
23° W.). The wind which was WSW., and light, veered 
to S. and SSE., where it grew stronger, and then to 
ESE. and NE., where it was light again.' 

1826. < 14th to 16th August (Lat. S. 31°, Long. 16° W.). Wind 
first light from NE. and NW., very strong from WNW. 
to SSW., and then more moderate from S. and SSE.' 

1826. < 19th to 30th August (Lat. S. 33°— 37°, Long. 13° W.— 
29° E.). The wind blows with great violence from NW., 
W., and SW., a heavy gale from NW., which moderates 
and veers on the next day to SW., SSW., S., SSE., 
and NE.' 

1826. < 6th to 11th September (Lat. S. 37°— 38°, Long. 50° E.). 
Strong NE. and NNE., with fine weather, then N., 
NW., and W.' 

1826. <8th to 24th October (Lat. S. 39°, Long. 115° E.). Wind 
in general high from NW. and SW. On one occasion 
from the 16th to the 19th it veered gradually through 
the whole compass from NW. to SW., S., SE., SSE., 
NE., NNW., NW.' 

1826. '(Ketrograde) (Lat. S. 38°, Long. 122° E.). A very violent 
wind from NE., shifts suddenly round to SSE., and 
changes on the following day to SSW. and W., where 
it dies away.' 

* From a private letter. 
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1826. <5th November (Lat. S. 39°, Long. 135° E.). A NNE. 
wind changes to NNW. and moderates, veering on the 
next day through SSW. to SSE. and E.' 

1826. *1 9th to 28th November (Lat. S. 39°, Long. 142°— 148°E.). 
The winds were not strong, but they veered three 
times from right to left through the whole compass, 
i.e. from N. through W. to S., and from S. through 
E. toN.' 

1826. '29th November to 2nd December (Lat. S. 39°, Long. 

148° E.). The wind veers again twice in the same 
direction.' 

1827. '5th to 9th January (Lat. S. 40°— 43°, Long. 160° E.> 

The wind at first strong from NE., blows afterwards 

violently from NW. and WNW., rises to a gale from 

S. and SSE., and then moderates.' 
1827. ' 12th to 16th February (Lat S. 35°, Long. 176° E ). A 

WNW. and W. wind veers to S., then E. and NE., where 

it increases to a hurricane ; afterwards it veers to NW. 

again and turns to W., and dies away when it gets to 

SW.' 
1827. '13th March. Bayof Islands (Lat. S.35°,Long. 171° E.). 

The wind, which was high from NNW. and NW., goes 

round to WSW. and SW., and dies away when it passes 

from S. to SE. and SSE.' 
1827. '(Eetrograde) 31st March (Lat S. 33°, Long. 177° E.). A 

violent N. wind changes to NE., E., SE., SSW., and 

SW., continues strong at that point, and at last dies 

away there.' 

M. Dumont d' Urville adds to these extracts from his journal 
the following remarks: — 'M. Dove may see that out of 18 well- 
marked cases only 2* appear to be in opposition to the law of 
change from N. to S. by W., and from S. to N. by E. I can 
recall to my memory very well, that whenever we had high 
winds from NW. or SW. we expected to see them moderate when 
they approached the south. M. Dove may be assured that, on 

* These were probably cyclones. 
I 



Digitized byLjOOQlC 



114 THE CHANGEABLE WINDS. 

my next voyage, I shall cause the officers of the Astrolabe to 
observe accurately the direction in which the wind changes in 
the southern hemisphere, and it is possible that I may address a 
note on that subject from Valparaiso to M. von Humboldt* who 
will communicate it to M. Dove.' 

16. Leichhakdt. A ustralia (private letter). Sydney, June 18, 
1842. ( In Sydney I thought of your theory for the wind, and 
found, as I expected, that it holds for this place in the opposite 
direction. The hot NW. winds in Sydney are invariably fol- 
lowed by a violent S. or SW. wind, which brings the loose sand 
from the hills opposite Botany Bay in dense clouds of dust to 
the town. This wind is called ' a brick-fielder,' since it blows 
from the brick-fields to the town. It is cold, and the change 
of temperature produced by it is sometimes extraordinary, 
50° — 60° F. Mr. Clarke finds that all squalls change from 
S. to W., N., and E., while the regular change of wind is from 
S. to E., N., and W.' 

17. Strblbcki,* Australia and Van Diemerts Land, remarks : 
* The meteorological journals of Port Macquarie, Port Jackson, 
Port Philip, and Port Arthur, show equally that, at each of 
the stations, the winds, when they change their direction, do 
this always in one fixed direction, viz., from left to right of the 
meridian, when the face is turned to the equator. These obser- 
vations confirm the law propounded by Dove, in his " Meteoro- 
logische Untersuchungen" not only as regards the rotation in 
the opposite directions on the two hemispheres, but also the 
converse effect on the barometer, thermometer, hygrometer, 
and rain-gauge.' 

18. Horner. f Montevideo. ' The wind changes in general 
from E. to N.j thence to W. and S. The N. and NW. winds are 
the hottest, the S. and SE. the coldest.' 

19. Byron Drury.J New Zealand. 'The changes of the 
wind take place almost invariably with the sun, or in the 

* Physical Description of New South Wales and Van Diemen's Land, 
p. 165. 

t Medical Topography of Brazil and Uruguay. Philadelphia, 1845, p. 20. 

J On the Meteorology of New Zealand. First number of Meteorological 
Papers published by authority of the Board of Trade, 1857, p. 65. 
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opposite direction to the motion of the hands of a watch; they 
are consequently opposite to those on the northern hemisphere, 
though they shift there, too, with the sun.' 

20. Von Wullersdorff-Urbain.* Southern Hemisphere. 
' At certain intervals we had a SE. wind, but after a longer or 
shorter period it shifted through E., NE., and N. towards NW., 
W., SW., and sometimes even to S. Such a shift as this occupied 
several days. The wind never exceeded ordinary intensity 
excepting at St. Paul and near the Cape of Good Hope.' 

21. Melbourne.] Excess of direct shiftings over retrograde (in 
complete revolutions). The direction of the rotation is reversed. 



1858 




1858 




1859 




March . . 


9-2 


August . . . 


1-8 


January . . 


4-8 


April . . . 


42 


September . . 


6-2 


February . . 


2-8 


May . . . 


21 


October . . 


1-5 






June . . . 


26 


November . . 


33 






July . . . 


35 


December . . 


6-2 







22. Van Gogh.$ Southern Hemisphere. ' When the wind is 
south-easterly and high, and is accompanied by drizzling rain, 
the barometer rises slowly to the height of about 30*25 inches, 
when we may expect that it will shift to NE. (at least, I have 
as yet only once observed that the wind, after passing through 
SE., shifted back towards SW.). When the wind has got to 
NE. it remains at that point, blowing with the same violence, 
and the weather' is the same as before. The barometer now 
begins to fall in the same proportion as it had risen before, until 
it comes to the height of about 29*75 inches, then the wind 

* Beitrag zur Theorie der Luftstromungen (Contribution to the Theory of 
Atmospheric Currents), 1858, p. 11. 

t Results of the Magnetics!, Natural, and Meteorological Observations 
made at the Flagstaff Observatory, Melbourne. 

J Uitkomsten van wetenschap en ervaring aangaande winden en zeestroo- 
mingen in aommige gedeelten van den Oceaan, uitgegeven door het Kon. Meteoro- 
loguchen Instituut (Results of Science and Experience regarding Winds and 
Marine Currents in certain parts of the Ocean, published by the Royal 
Meteorological Institute), Utrecht, 1857, p. 50. 

i 2 
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drifts through N., and blows hardest when it has got to NNW. 
The barometer now remains steady, and this last wind continues 
for a few hours. It subsequently becomes westerly, while the 
barometer rises slowly. Sometimes the wind gets to the south of 
west and blows very hard, while the barometer rises rapidly.' 

If we recapitulate our authorities, we find that we have 
direct numerical determinations made by Schouw at 
Apenrade, Eisenlohr at Carlsruhe, Emsmann at Berlin, 
Kolbing at Gnadenfeld, Hofineister at Lenzburg, Buys 
Ballot in Holland; and anemometrical results from Follet 
Osier at Liverpool, Glaisher at Greenwich, Johnson at 
Oxford, Quetelet at Brussels, Lapshine at Kharkov, Bico y 
Sinobas at Madrid, and from the observations at Bermuda 
and at Melbourne. In addition to these we shall give the 
indirect proofs, from the changes of the meteorological 
instruments, which are still more conclusive than the above, 
and we have confirmatory evidence for both hemispheres 
from the following sources : — 



NORTHERN HEMISPHERE. 

Aristotle — Greece. 
Theophrastus — Greece. 
Pliny — Italy. 
Bacon — England. 

Mariotte — France. 
Sturm — Germany. 
Toaldo — Italy. 

Poitevin — Montpelier. 

Kant — E. Prussia. 

Eomme — N. Atlantic Ocean. 

Lampadius — Freiberg. 



SOUTHERN HEMISPHERE. 

Don Ulloa — Pacific Ocean. 
Le Gentil — Indian Ocean. 
Forster — South Sea. 
Don Cosme Churruca — S. 

Sea near S. America. 
Horsburgh — S. Atlantic Ocean. 

Sea S. of Australia. 

Capt Wendt — The Cape and 

Cape Horn. 
King and Fitzroy — S. Coast of 

Chili. 
Fitzroy — Terra del Fuego. 
Depdt OSnSral de la Marine — 

Cape Horn — 40° S. Lat. 
Dupetit Thouars — Bay of 

Valparaiso. 
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NORTHERN HEMISPHERE. SOUTHERN HEMISPHERE. 

Dove — Konigsberg. Heywood — Eio de la Plata. 

Schiibler — Germany. Basil Hall — General. 

Dumont d'Urville — General. 
Hildreth — N. America, Leichhardt — Australia. 

Duden — State of Missouri. Strelecki — Van Diemen's Land. 
Von Wrangel — Sitka. Horner — Montevideo. 

Dupuits de Maconet — S. of Byron Drury — New Zealand. 

France. 
Drake — N. America. * Von Wiillersdorff-Urbain — 

Xane — Smith Sound. Southern Hemisphere. 

Lartigue — Both hemispheres Van Gogh — Southern Hemi- 

in his < Theory of the Wind.' sphere. 

This shows us that the old sailors' saying holds good on 
both hemispheres, viz : — 

When the wind veers against the sun, 
Trust it not, for back it will run. 

Since the regular rotation of the wind is as clearly 
observable in England (Bacon) as in the interior of Eussia 
(Lapshine) ; in Sitka, on the W. coast of N. America (Von 
Wrangel) as in the valley between the Eocky Mountains 
and the Alleghanies (Drake); in the southern hemisphere, 
on the coast of Chili (Fitzroy) as at the mouth of the Eio 
de la Plata (Horner) ; and is reported by the most expe- 
rienced navigators as quite unmistakable on all the great 
oceans, it must be an appearance which is universal, inde- 
pendent of the relative position of the oceans and conti- 
nents, and also independent of the mean direction of the 
wind and its annual variations. The effect on the conse- 
quent variations of the meteorological instruments changes 
at the different seasons, since, as I proved in the year 
1827, for Paris, the coldest point of the windrose in 
Europe is nearer the NE. in winter, and nearer the NW. 
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in summer ; and accordingly the warmest point in winter 
is nearer SW., in summer nearer SE. However, in order 
to retain the general character of my nomenclature, I call 
one of the alternating currents Polar, the other Equatorial. 
The determination of the extremes of the windrose which 
has been chosen for the annual mean variations of the 
instruments, viz., NE. and SW. for the northern, SE. and 
NW. for the southern hemisphere, must therefore be 
modified for the different seasons and months, according 
to the relative position of the station in question on the 
western or eastern coast of a continent. 



4. — VARIATIONS OP THE METEOROLOGICAL INSTRUMENTS 
DEPENDENT ON THE LAW OP GYRATION. 

If we calculate the mean of all the observations of the 
barometer, thermometer, and hygrometer, corresponding 
to each of the different winds, after elimination of their 
periodical variations, — i. e., if we determine the mean dis- 
tribution of pressure, temperature, and saturation in the 
windrose, — or, in other words, construct a barometrical, 
thermal, and hygrometrical windrose, we shall find that 
it has two poles of pressure and temperature. There are 
in the windrose two points, nearly diametrically opposite 
to each other, at one of which the thermometer is lowest 
and the barometer highest, and at the other the ther- 
mometer is highest and the barometer lowest. The 
mean heights of the barometer and thermometer corre- 
sponding to the different winds (die barom. und therm. 
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Windmittel) decrease uninterruptedly from the maximum 
to the minimum of pressure, and from the maximum to 
the minimum of temperature. The first point is situated 
near NE., the second near SW. If we proceed from SW. 
through W. to NE., the mean height of the barometer 
increases, while that of the thermometer decreases ; if we 
proceed further from NE. through E. to SW., the mean 
height of the thermometer increases, while that of the 
barometer decreases.* These facts, which are observed 
in the mean heights of the barometer and thermometer, 
corresponding to the various winds, must also be trace- 
able in the transitions of the same one into the other, i. e. 
in the mean variations of the barometer and thermometer, 
as well under the hypothesis of a changeable velocity of 
rotation as of one which is constant. Inasmuch as the 
tension of aqueous vapour with regard to its distribution 
in the windrose is closely related to the thermal, and the 
pressure of the dry air to the barometrical windrose, it 
follows that the changes of pressure of the dry air and 
of the barometer are exactly related, in inverse propor- 
tion, to the changes of the temperature of the air and of 
the tension of aqueous vapour therein contained. If we 
assume as a necessary consequence of the foregoing theo- 
retical considerations, that the NW. wind plays the same 
part on the southern hemisphere as the SW. wind here — 



* In* the northern hemisphere such windroses have been calculated for 
several stations, viz. : — 

Barometrical for Irkutsk, Archangel, St. Petersburg, Moscow, Stockholm, 
Arys, Dantzic, Biitsow, Zechen, Berlin, Halle, Muhlhausen, Carlsruhe, 
Middelburg, Utrecht, Hamburg, Apenrade, Copenhagen, Paris, London, 
Chiswick, Oxford, Dublin, and Reikiavik. 

Thermal for Yakutsk, Irkutsk, Tara, Moscow, Archangel, St. Petersburg, 
Stockholm, Arys, Conitz, Zechen, Hamburg, Halle, Muhlhausen, Buda, 
Carlsruhe, Utrecht, Paris, London, Chiswick, Oxford, Dublin, and Sitka. 

Pygrometrical for Arys, Halle, London, Chiswick, Oxford, and Dublin. 
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that the SE. wind there corresponds to the NE. wind 
here,* — we obtain the following laws : — 



MEAN VABIATI0NS OF THE METEOROLOGICAL INSTRUMENTS. 



NORTHERN HEMISPHERE. 

1. The barometer falls with 
E., SE., and S. winds ; with a 
SW. wind it ceases to fall and 
begins to rise; it rises with 
W., NW., and N. winds; and 
with a NE. wind it ceases to 
rise and begins to fall. (Fig.l.) 



SOUTHERN HEMISPHERE. 

1. The barometer falls with 
E., NE., and N. winds ; with a 
N W. wind it ceases to fall and 
begins to rise ; it rises with 
W., SW., and S. winds; and 
with a SE. wind it ceases to 
rise and begins to fall. (Fig. 2.) 



northern hemisphere. 
Fig. 1. 




SOUTHERN HEMISPHERE. 

Fig. 2. 




NORTHERN HEMISPHERE. 

Fig. 3. 




SOUTHERN HSMIi 

Fig. 4. 




* This assumption is confirmed by the Dutch observations, calculated by 
Eijsbroek, and published in the Ondersoekingen met den Zee Thermometer 
(Experiments with the Marine Thermometer), 1861, p. 108. The following 
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2. The thermometer rises 
with E., SE., and S. winds; 
with a SW. wind it ceases to 
rise and begins to fall ; it falls 
with W., NW., and N. winds ; 
and with a NE. wind it ceases to 
fall and begins to rise. (Fig. 3.) 

3. The tension of aqueous 
vapour increases with E., SE., 
and S. winds; with a SW. 
wind it ceases to increase and 
begins to decrease; it decreases 
with W., NW., and N. winds ; 
and with a NE. wind it ceases 
to decrease and begins to in- 
crease. (Fig. 3.) 

4. The pressure of dry air 
decreases with Er, SE., and S. 



SOUTHERN HEMISPHERE. 

2. The thermometer rises 
with E. 5 NE., and N. winds; 
with a NW. wind it ceases to 
rise and begins to fall ; it falls 
with W., SW., and S. winds; 
and with a SE. wind it ceases to 
fall and begins to rise. (Fig. 4). 

3. The tension of aqueous 
vapour increases with E., NE., 
and N. winds; with a NW. 
wind it ceases to increase and 
begins to decrease; it decreases 
with W., SW., and S. winds ; 
and with a SE. wind it ceases 
to increase and begins to de- 
crease. (Fig. 4.) 

4. The pressure of dry air 
decreases with E., NE., and N. 



are the mean heights of the barometer in inches, corresponding to the dif- 
ferent directions of the wind : — 



Latitude S. 


30°- 40° 


40°— 45° 


N. 


30-008 


29-913 


NNE. 


30-047 


29*956 


NE. 


30-047 


29-996 


ENE. 


30-087 


30-039 


E. 


30114 


30055 


ESE. 


30134 


30067 


SE. 


30-142 


30-043 


SSE. 


30130 


30024 


S. 


30083 


30-012 


SSW. 


30-055 


29-953 


SW. 


30-004 


29-930 


WSW. 


29-973 


29-894 


w. 


29-961 


29-906 


Wjnw". 


29-961 


29-874 


NW. 


29-977 


29-882 


NNW. 


30-000 


29-882 


Mean . • . 


30-024 


29-915 
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NORTHERN HEMISPHERE. SOUTHERN HEMISPHERE. 

winds; with a SW. wind it winds; with a NW. wind it 
ceases to decrease and begins ceases to decrease and begins 
to increase; it increases with to increase; it increases with 
W., NW., and N. winds ; and W., SW., and S. winds ; and . 
with a NE. wind it ceases to with a SE. wind it ceases to 
increase and begins to de- increase and begins to de- 
crease. (Fig. 1. p. 120.) crease. (Fig. 2. p. 120.) 

We see from the above rules that the agreement be- 
tween the two hemispheres consists in the fact that the 
behaviour of the meteorological instruments is the same 
in the two hemispheres for easterly, and equally so for 
westerly winds. The difference between the two hemi- 
spheres is only quantitative in the case of NW., NE., SW., 
and SE. winds, while it is qualitative in the case of N. 
and S. winds. This implies that the mean variations 
of the meteorological instruments, in the northern hemi- 
sphere, have a maximum value with NW. and SE. winds, 
and a minimum value with NE. and SW. winds (owing 
to a mutual compensation of opposite fluctuations); and, in 
the southern hemisphere, have a maximum value with 
NE. and SW. winds, and a minimum value with NW. and 
SE. winds (owing to a compensation of opposite fluctua- 
tions) : whereas the mean variations with N. and S. winds 
in the northern hemisphere differ, according to their sign, 
from those with N. and S. winds in the southern hemisphere, 
while they agree, according to their magnitude, in both 
hemispheres, under similar conditions of climate. Ac- 
cordingly, if an instrument rises with a N. wind in the 
northern hemisphere, it- will fall with a N. wind in the 
southern, and vice versd. The same holds good for S. 
winds. 

The proofs for the laws above stated are contained in 
the subjoined tables. 
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1. The Variations of the Barometer. 
a. The Northern Hemisphere. 
Law. — The barometer falls with E., SE., and S. winds ; 
with a SW. wind it ceases to fall and begins to rise ; 
it rises with W., NW., and N. winds ; and with a NE. 
wind it ceases to rise and begins to fall. (Fig. 1. p. 120.) 
In the following tables the sign (+) indicates a rise, 
(— ) a fall. The sources for the different data are as 
follows : — 

Paris (calculated by me) from Dove, ' Meteorologische Un- 
termchungen uber den Wind 9 (Meteorological Investigations 
relative to the Wind). Poggendorff 's Annalen, 1827, vol. xi. 
p. 535. 

London (calculated by me) from Dove, * Ueber die von der 
Wimdesrichtung abhdngigen Verdnderungen der Dam/pf- 
atmosphdre ' ( On the Variations of Atmospherical Vapour 
depending on the direction of the Wind). Pogg. Ann. xvi. 
p. 288. 

Chiswick (calculated by me) from Dove, * Ueber die Allge- 
meine Theorie . dee Windes ' (On the General Theory of the 
Winds). Keports of the Academy of Berlin, 1857, p. 90. 

Halle (calculated by Kaemtz) from Kaemtz, ' Vorlesungen 
uber Mebeorologie' (Lectures on Meteorology), p. 311. 

Zechen (calculated by Gube) from the Keports of the Aca- 
demy of Berlin, 1857, p. 296. 

Dantzic (calculated by Galle) from Galle, 'Zur Prilfung 
des von Dove aufgestellten Gesetzes uber das verschiedene 
Verhalten der Ost- und Westseite der Windrose' (A Test of 
the Law laid down by Dove on the Differences observable 
between the East and West Side of the Windrose). Pogg. 
Ann. xxxi. p. 465. 

Arts (calculated by Vogt) from the Keports of the Academy 
of Berlin, 1857, p. 90. 

St. Petersburg (calculated by Kaemtz) from a private 
letter. 

Dorpat (calculated by Kaemtz) from a private letter. 
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Dorpat. In a communication entitled 'The Barometrical 
Windrose at Dorpat ' (a letter to Prof. Dove), Kaemtz has cal- 
culated the results of the observations carried on by Madler 
and himself at that station from Sept. 1, 1842, to Dec. 1859, 
in the following manner. In the case of each direction of the 
wind, he has calculated the mean height of the barometer on 
the day on which the wind was observed, and also on the two 
days which succeeded, and the two days which preceded the 
observation. If n be the number of the days (which is taken as 
positive for those which succeeded, negative for those which 
preceded the observation), he has calculated eight equations, of 
the form a+bn+c n 2 + dn 3 for each month, in which the co- 
efficients abed represent the constants deduced from the 
observations. Kaemtz has given the values, which are thus ob- 
tained, as differences from the mean values for the month, and 
has given those for all the observations, and for the wet days 
and dry days, separately. In the following table I have myself 
deduced the fluctuations in order to make the results com- 
parable with those which are given above. In the table headed 
4 Day before,' the number indicates the fluctuation of the baro- 
meter, expressed in inches, during the twenty-four hours which 
preceded the observation, the sign ( + ) expressing a rise, (— ) 
a fall. In the table headed 6 Day after,' the number indicates 
in a similar way the fluctuation of the barometer during the 
twenty-four hours which succeeded the observation. To the 
mean result for the year I have added the values obtained for 
the days next but one before and after the observation. The 
observations for the rain have been calculated in the same 
manner. 
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MEAN OF ALL OBSERVATIONS. 

DAY BEFOKE. 





NW. 


N. 


NE. 


E. 


SE. 


S. 


SW. 


W. 


January 


+ 0-106 


+ 0-179 


+ 0134 


+ 0-122 


-0-046 


-0003 


-0098 


-0-024 


February . 


+ 0-082 


+ 0-150 


+ 0119 


+ 0046 


-0027 


-0090 


-0-106 


-0035 


March . . 


+ 0-042 


+ 0-103 


+ 0-106 


+ 0-057 


-0-018 


-0-080 


-0-091 


-0-041 


April . . 
May . . . 


-0*001 


+ 0052 


+ 0-090 


+ 0-052 


-0-021 


-0-070 


-0069 


-0033 


-0-002 


+ 0-014 


+ 0054 


+ 0032 


-0-039 


-0066 


-0-030 


-0-008 


June . . . 


+ 0-007 


+ 0002 


+ 0-022 


+ 0-006 


-0-050 


-0-066 


-0-018 


+ 0043 


July. . . 


+ 0038 


+ 0019 


+ 0-008 


-0-008 


-0046 


-0-066 


-0027 


+ 0-027 


August . . 


+ 0-059 + 0-052 


+ 0-026 


-0003 


-0-039 


-0066 


-0042 


+ 0019 


September . 


+ 0-065+0096 


+ 0-070 


+ 0011 


-0036 


-0-062 


-0053 


-0-003 


October . . 


+ 0-082+0-126 


+ 0-098 


+ 0035 


-0031 


-0076 


-0-072 


-0006 


November . 


+ 0-081+0-170 


+ 0142 


+ 0-026 


-0-058 


-0-073 


-0-0G5 


-0-022 


December . 


+ 0-100 


+ 0-186 


+ 0145 


+ 0-026 


-0-060 


-0086 


-0-080 


-0020 


Year. . . 


+ 0-053 


+ 0-097 


+ 0-085 


+ 0-026 


-0041 


-0-073 


-0-060 


-0-011 









DAY AFTEE 












NW. 


N. 


NE. 


E. 


SE. 


S. 


SW. 


W. 


January . 


+ 0-088 


+ 0-209 


+ 0-068 


+ 0-003 


-0-036 


-0154 


+ 0-019 


-0015 


February . 


+ 0-079 


+ 0101 


+ 0-059 


+ 0020 


-0011 


-0-064 


-0085 


-0-014 


March . . 


+ 0-052 


+ 0-077 


+ 0056 


+ 0-027 


-0-006 


-0-053 


-0071 


-0020 


April . . 


+ 0-016 


+ 0-047 


+ 0-041 


+ 0015 


-0-022 


-0-037 


-0-028 


-0017 


May . . . 


0000 


+ 0015 


+ 0-027 


-0-010 


-0-046 


-0-027 


-0-004 


0-000 


June . . . 


-0-002 


-0-004 


-0003 


-0032 


-0-029 


-0-028 


+ 0-017 


+ 0-067 


July. . . 


+ 0-026 


-0-001 


-0-021 


-0-037 


-0-050 


-0037 


+ 0-002 


+ 0033 


August . . 


+ 0-051 


+ 0-029 


-0-006 


-0027 


-0-041 


-0-045 


-0-018 


+ 0-029 


September . 


+ 0063 


+ 0-072 


+ 0-034 


-0-015 


-0-043 


-0046 


-0-027 


+ 0015 


October . « 


+ 0-077 


+ 0-098 


+ 0-060 


+ 0-001 


-0-041 


-0057 


-0039 


+ 0-014 


November . 


+ 0066 


+ 0-130 


+ 0-094 


-0-012 


-0-067 


-0-048 


-0-025 


-0003 


December . 


+ 0-077 


+ 0132 


+ 0-086 


-0-010 


-0-060 


-0-056 


-0042 


-0-003 


Year. . . 


+ 0-047 


+ 0-068 


+ 0-043 


-0007 


-0-042 


-0-043 


-0-031 


+ 0003 



YEAR. 





BEFORB 


AFTER 


Days 


2 


1 


1 


2 


NW. 


-0-017 


+ 0-053 


+ 0-047 


-0035 


N. 


+ 0-034 


+ 0097 


+ 0-068 


-0-051 


NE. 


+ 0062 


+ 0-085 


+ 0-042 


-0065 


E. 


+ 0-044 


+ 0026 


-0-007 


-0-053 


SE. 


+ 0010 


-0041 


-0-042 


+ 0-010 


S. 


-0-013 


-0073 


-0046 


+ 0-067 


SW. 


-0-032 


-0060 


-0-031 


+ 0-058 


w. 


-0040 


-0-011 


+ 0003 


+ 0-003 



Digitized byLjOOQlC 



VARIATIONS OF THE BAROMETER. 



127 



IN TIME OF KAIN. 

DAY BEFORE. 





NW. 


N. 


MB. 


E. 


SE. 


S. 


sw. 


w. 


January 


+ 0*041 


+ 0-170 


+ 0123 


-0-008 


-0101 


-0138 


-0-143 


-0-075 


February . 


+ 0-060 


+ 0-165 


+ 0121 


+ 0-005 


-0073 


-0-120 


-0150 


-0091 


March . 


+ 0129 


+ 0126 


+ 0-087 


-o-ooi 


+ 0-014 


-0084 


-0121 


-0084 


April . . 


-0-019 


+ 0-064 


+ 0-034 


-0023 


-0 046 


-0052 


-0067 


-0051 


May . . . 


+ 0-002 


+ 0011 


+ 0-006 


-0-041 


-0-055 


-0-043 


-0-030 


-0-008 


June . . . 


+ 0-010 


-0012 


-0-019 


-0034 


-0061 


-0056 


-0003 


+ 0022 


July. . . 


+ 0-026 


-0-002 


-0-003 


-0-008 


-0-051 


-0-075 


-0032 


+ 0025 


August . . 


+ 0-041 


+ 0028 


+ 0-023 


-0024 


-0036 


-0-088 


-0062 


+ 0-009 


September . 


+ 0-050 


+ 0060 


+ 0043 


+ 0-017 


-0-035 


-0-090 


-0082 


-0010 


October . . 


+ 0-055 


+ 0088 


+ 0-059 


-0-003 


-0059 


-0-095 


-0087 


-0025 


November . 


+ 0059 


+ 0-046 


+ 0-027 


-0023 


-0-093 


-0111 


-0-094 


-0-036 


December . 


+ 0066 


+ 0-148 


+ 0-102 


-0023 


-0112 


-0131 


-0116 


-0053 


Year. . . 


+ 0-041 


+ 0081 


+ 0053 


-0-060 


-0065 


-0-090 


-0082 


-0-032 



DAY AFTER. 





NW. 


N. 


ME. 


E. 


SE. 


S. 


SW. 


W. 


January 


+ 0-100 


+ 0192 +0116 1 - 0007 


-0041 


-0041 


-0073 


-0041 


February . 


+ 0-103 


+ 0-288 +0-126+0-010 


-0027 


-0042 


-0-082 


-0046 


March . . 


+ 0-091 


+ 0164 


+ 0-101+0-004 


-0-080 


-0-028 


-0059 


-0028 


April . . 


+ 0-066 


+ 0-106 


+ 0-055' -0-019 


-0029 


-0010 


-0013 


+ 0001 


May . . . 


+ 0037 


+ 0051 


+ 0-020-0034 


-0036 


-0-002 


+ 0-025 


+ 0-027 


June . . . 


+ 0-027 


+ 0-026 


+ 0014-0-024 


-0046 


-0012 


+ 0027 


+ 0-040 


July . . . 


+ 0-035 


+ 0-030 


+ 0033 


-0-003 


-0031 


-0035 


+ 0-011 


+ 0-042 


August . . 


+ 0-051 


+ 0-047 


+ 0051 


+ 0-027 


-0028 


-0054 


-0-014 


+ 0-038 


September . 


+ 0-069 


+ 0-065 


+ 0-053 


+ 0025 


-0-027 


-0-057 


-0025 


+ 0-036 


October . . 


+ 0-079 


+ 0-086 


+ 0-045 


-0002 


-0034 


-0045 


-0022 


+ 0-028 


November . 


+ 0-083 


+ 0114 


+ 0-054 


-0-026 


-0-048 


-0-035 


-0026 


+ 0010 


December . 


+ 0-051 


+ 0-156 


+ 0-082 


-0027 


-0050 


-0035 


-0045 


-0018 


Year. . . 


+ 0069 


+ 0-102 


+ 0-063 


-0006 


-0-036 


-0-033 


-0-024 


+ 0-007 



• 




YEAR. 








BBFORB 


AFTER 


Days 


2 


l 


1 


2 


NW. 


-0017 


•+ 0-041 


+ 0-069 


-0026 


N. 


+ 0034 


+ 0-081 


+ 0102 


-0-051 


NK 


+ 0062 


+ 0-053 


+ 0063 


-0065 


E. 


+ 0-044 


-o-oio 


+ 0-006 


-0053 


SE. 


+ 0010 


-0065 


-0036 


+ 0-010 


S. 


-0013 


-0090 


-0-033 


+ 0-012 


SW. 


-0-032 


-0-082 


-0-024 


+ 0-058 


w. 


-0-041 


-0032 


+ 0-007 


+ 0-002 
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It will be seen that in both of the above tables there is 
a complete confirmation of the laws laid down by me in 
the year 1827. At the same time we see that if the ob- 
servations be extended to a period of five days, the change 
of wind which then takes place passes from the rising to 
the falling side of the windrose and vice versd. In the 
summer months, when the precipitation of rain, owing to 
the courant ascendant is more common, it is natural to 
expect that the rules for the occurrence of rain during the 
several currents will present greater simplicity, and that 
the change in the distribution of barometrical pressure in 
the windrose, owing to the alteration in position of the 
isothermals at the different seasons, will exhibit itself 
clearly. Both these facts are observable in the tables. 

Mr. Dorgens has made calculations extending over a 
longer period of time (1846-48), which are published in 
the 3rd volume of ' The Observations made at the Mag- 
netical and Meteorological Observatory at Toronto in 

OGDENSBURGH— STATE OF NEW YORK. 



Fluctuation 


Barometer 


Thermometer 


Fluctuation 


Barometer 


Thermometer 












Inl 


hour 




Inl 


hour 




Inches 


Degrees F. 




Inches 


Degrees F. 


sw. 


+ 00006 


-0-018 


NE. 


-0-0044 


-0015 


SW. by W. 
WSW. 


+ 00025 


-0055 


NE. by E. 

ENE. 


-0-0058 


+ 0-094 


+ 0-0027 


-0-018 


-0-0077 


+ 0-115 


W. by S. 


+ 0-0057 


-0081 


E. bvN. 


-00072 


+ 0TJ77 


+ 0-0052 


-0063 


-00062 


+ 0-103 


W. by N. 
WNW. 


+ 0-0065 


-0069 


E. by S. 


-00061 


+ 0162 


+ 00091 


-0-252 


ESR 


-0-0051 


+ 0146 


NW. by W. 

NW. 


+ 00104 


-0-281 


SE. by E. 

SK 


-00040 


+ 0-114 


+ 00111 


-0-322 


-00051 


+ 0-140 


NW. by N. 


+ 0-0091 


-0-306 


SE. by S. 

' SSE. 


-00065 


+ 0-145 


NNW. 


+ 0-0080 


-0-276 


-00065 


+ 0-138 


N.byW. 


+ 0-0080 


-0-236 


S. by E. 


-0-0060 


+ 0161 


+ 0-0033 


-0197 


S. 


-0-0074 


+ 0-314 


N. by E. 


+ 0-0039 


-0165 


S. by W. 


-0-0055 


+ 0-177 


NNE. 


+ 0-0007 


-0144 


SSW. 


-0-0036 


+ 0-162 


NE.byN. 


-0-0017 


-0063 


SW. by S. 


-0-0014 


+ 0065 
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TORONTO. 







Barometer 

1 


Thermometer 


Tension of Aqueous Vapour 


i 
9—12 


12—3 


9—3 


6—12 


12—6 


6— 6 


8—12 


12—4 


8—4 


NE. 


11 


-0036 


-0027 


-0063 


-4-99 


+ 4-14 


-085 


-0014 


+ 0015 


+ 0001 


NE. by E. 
ENE. 


7 


! + 0008 


-0013 


-0005 


-215 


-0-49 


-264 


-0009 


-0008 


-0017 


18 


,.-0006 


-0028 


-0034 


-5-28 


+ 0-42 


-4-86 


-0021 


0001 


-0021 


E.byN. 


21 


-0013 


-0028 


-0-041 


-2-95 


+ 0-75 


-2-20| 


-0008 


-0009 


-0017 


52 


-0024 


-0-026 


-0050 


-0-53 


+ 0-28 


-0-25 


-0002 


+ 0005 


+ 0003 


E. by S. 


25 


i- 0-020 


-0028 


-0048 


+ 0-39 


+ 023 


+ 0-62 


+ 0007 


-0003 


+ 0004 


ESE. 


35 


-0015 


-0018 


-0033 


+ 310 


-0-23 


+ 2-87 


+ 0003 


-0010 


-0007 


SE. by E. 

SE. 


12 


-0018 


-0031 


-0049 


+ 3-57 


-1-35 


+ 2-22 


+ 0014 


-0015 


-0001 


14 


-0006 


-0025 


-0031 


+ 3-71 


-0-93 


+ 2-78 


+ 0019 


+ 0004 


+ 0023 


SE. by S. 


17 


-0021 


-0032 


-0053 


+ 312 


-0-29 


+ 2-83 


+ 0023 


r o-ooi 


+ 0022 


SSE. 


29 


-0025 


-0018 


-0043 


+ 4-22 


-0-72 


+ 3-85 


+ 0029 


-0009 


+ 0020 


S. by E. 


25 


-0007 


-0026 


-0033 


+ 6-77 


-0-87 


+ 5-90 


+ 0014 


+ 0006 


+ 0020 


28 


-0011 


-0020 


-0031 


+ 508 


-1-21 


+ 3-87 


+ 0029 


-0006 


+ 0023 


S. byW. 


34 


-0011 


-0016 


-0-027 


+ 4-19 


-116 


+ 303 


+ 0030 


-0-023 


+ 0007 


ssw. 


57 


-0-012 


-0018 


-0030 


+ 319 


-096 


+ 2-23 


+ 0016 


-0015 


+ 0001 


SW. by S. 
SW. 


21 


-0036 


-0024 


- 0060 


+ 1-21 


0-69 


+ 1-90 


+ 0011 


+ 0013 


+ 0024 


34 


-0016 


-0012 


-0028 


+ 0-23 


-0-56 


-0-33 


+ 0001 


-0001 


+ 0002 


SW.byW. 


8 


-0017 


+ 0-005 


+ 0012 


-4-21 


058 


-3-63 


-0007 


-0004 


-0001 


WSW. 


24 


-0002 


+ 0015 


+ 0013 


-1-82 


0-62 


-1-20 


-0014 


+ 0-005 


-0009 


W. by S. 


18 


+ 0-009 


+ 0029 


+ 0-038 


-027 


-312 


-339 


-0025 


-0010 


-0035 


23 


+ 0038 


+ 0045 


+ 0083 


-225 


-1-52 


-3 77 


-0025 


+ 0006 


-0019 


W. by N. 
WNW. 


13 


+ 0022 


+ 0035 


+ 0057 


101 


-1-52 


-0-51 


-0032 


-0008 


-0040 


25 


+ 0041 


+ 0-040 


+ 0-081 


0-42 


-2-84 


-242 


-0028 


+ 0009 


-0019 


NW.byW. 


16 


+ 0041 


+ 0053 


+ 0094 


-1-78 


-3-64 


-542 


-0037 


-0025 


-0062 


NW. 


30 


+ 0051 


+ 0049 


+ 0100 


-410 


-1-40 


-5-50 


-0040 


-0002 


-0042 


NW.byN. 


16 


+ 0031 


+ 0035 


+ 0066 


-3-15 


+ 060 


-2-55 


-0024 


+ 0018 


—0006 


NNW. 


29 


+ 0027 


+ 0017 


+ 0-044 


-4-52 


+ 011 


-4-41 


-0035 


+ 0-003 


-0032 


N. by W. 


24 


+ 0-016 


+ 0024 


+ 0*040 


-304 


+ 0-25 


-2-79 


-0024 


+ 0016 


-0008 


N. 


26 


+ 0-018 


+ 0017 


+ 0035 


-424 


-0-31 


-4-55; 


-0032 


+ 0007 


-0025 


N/byE. 


12 


+ 0-004 


+ 0-020 


+ 0024 


-4-44 


+ 013 


-4-31 1 


-0024 


+ 0007 


-0-017 


NNE. 


5 


+ 0036 


+ 0027 


+ 0063 


-6-94 


-0-83 


— 7*77 


-0017 


-0025 


-0042 


NE. by N. 


3 


-0005 


+ 0027 


+ 0*022 


-5-86 


+ 1-22 


-4-64 

1 


-0026 


+ 0025 


-0001 



Canada.' These observations commenced in the year 1840, 
and it would be very desirable that the calculation should 
be extended to the whole series of years. The fluctuations 
of the barometer, thermometer, and hygrometer have 
been determined for the periods given at the head of the 
table, after elimination of the diurnal variation. The 
period is rather short, considering that the directions are 
referred to the whole thirty-two points of the compass ; 
but yet the Law of Gyration is clearly traceable. 
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It will now be easy to trace the same laws in the 
imperfect observations of former meteorologies. 

(xunzenhafsen, Luz*, says : ' The north and north-west winds 
cause the barometer to rise, I may almost say invariably. The 
east and north-east winds frequently produce the same effect, 
t>ut not so invariably as the preceding. These winds are accom- 
panied by a clear sky. The barometer also rises with a west 
wind, and then the sky is often covered with scattered clouds at 
a great height, from which rain rarely falls. With a south-east 
wind the barometer falls, and yet the weather does not change 
as long as the wind does not shift towards the south. No such 
certain rules can be given for south and south-west winds. The 
barometer usually falls when the wind is in this quarter ; but if 
it has been long in the same point, and especially if there has 
been wet weather for some time, the barometer rises again, even 
though the wind continues to blow from the south and south- 
west. In the same way I have observed the barometer to fall 
sometimes with a north* or east wind, when the wind had been 
for a long time in the same point, and the clear weather was 
about to break and give way to clouds and rain.' 

Holland. This subject has been examined by Van SwiNDENf 
more completely than by Luz. Horsley} had been the first to 
demonstrate in a more definite manner the influence of the 
direction of the wind upon the state of the barometer, which 
had been already pointed out by Halley and Mariotte, by calcu- 
lation of a barometrical windrose. The attention of Van Swinden 
being excited by this, he proposed to himself the question : 
6 How often does the barometer rise with a certain wind, and 
how often does it fall with the same ? ' The results of his cal- 
culation are a necessary consequence of the law of gyration. 
He finds in the year 1779 that the barometer 

* Beschreibung von Barometern (Description of Barometers), 1784, p. 361. 

t MSmoires sur les Observations MSteorohgiques faites a Franecher en Frize 
pendant 1779 (Memoirs on the Meteorological Observations made at 
Franecker in Friesland during the year 1779). 

X An abridged State of the Weather at London in the year 1774. — 
PhUosoph. Transact, for 1775. 
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With SW. 

w. 

w. 

N. 

NE. 

E. 

SE. 

8. 



Rose 






Fell 


74 times . . . 83*9 times 


36 






166 „ 


83 






435 „ 


12 






9-3 „ 


24 






28-0 „ 


1 






8-3 „ 


18 






518 „ 


10 






155 „ 



In the three preceding years he had obtained with regard to 
W., NW., N., E., SE., and S., results coinciding with the above ; 
but, on the contrary, deviations with regard to NE. and SW, 
These turning-points are therefore here as clearly remarkable 
as in Luz's observations. It does not appear, from any obser- 
vation of Van Swinden's, that he was himself acquainted with 
the law of gyration. 

Had Van Swinden, instead of asking, c How often does the 
barometer rise with a given wind ? ' asked instead, ' Does the 
fall exceed the rise, or the converse, when a given wind blows ? ' 
a clear course of reasoning must have led him to the explanation 
of the phenomenon. Even Saussure could not account for it ; 
for he asks in his Hygrometrie, c Why do E. winds, although 
cold and dry, cause the barometer to fall in England and 
Holland, according to the observations of Horsley* and Van 
Swinden, while W. winds cause it to rise? I am acquainted 
with no hypothesis which explains this fact satisfactorily.' 

It is probable that the annual mean direction of the 
wind at the place of observation has no effect on the 
result, from the fact that while in London this direction 
is due W., in Paris and Dantzic it is WSW. It is, how- 
ever, more important to decide whether the result is not 
effected by the change in the mean direction of the wind 
at the different seasons. It appears from the following 
tables that the law of fluctuation of the barometer is 
independent of the yearly periods. 

* With regard to Horsley Saussure is in error : he had only calculated 
the mean, not the rise and fall. 
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PAEIS. 





NE. 


E. 


SE. 


S. 


SW. 


w. 


NW. 


N. 


Correc- 
tion 


January . . 


+ 0010 


-0053 


-0043 


-0044 


-0025 


+ 0055 


+ 0*112 


+ 0027 


0157 


February 




-0014 


+ 0025 


-0050 


-0002 


-0044 


+ 0-041 


+ 0-059 


-0-005 


0023 


March . 




-0005 


-0033 


-0077 


-0069 


-0-040 


+ 0042 


+ 0113 


+ 0038 


0015 


April . . 
May 




-0013 


-0-046 


-0051 


-0011 


+ 0026 


+ 0034 


+ 0066 


+ 0011 


0019 




+ 0010 


-0104 


-0051 


-0039 


+ 0018 


+ 0019 


+ 0013 


-0019 


0014 


June 




-0019 


-0050 


-0059 


-0075 


+ 0002 


+ 0-028 


+ 0003 


-0001 


0014 


July . 




-0037 


-0084 


-0043 


-0044 


+ 0001 


+ 0030 


+ 0058 


+ 0006 


0015 


August. 




-0009 


-0028 


-0031 


-0053 


+ 0022 


+ 0042 


+ 0-020 


+ 0-022 


0021 


September 




-0018 


-0060 


-0067 


-0-014 


-0010 


+ 0-068 


+ 0013 


+ 0021 


0-014 


October 




-0002 


-0050 


-0015 


-0017 


+ 0-007 


+ 0017 


+ 0037 


+ 0-065 


0009 


November 




+ 0049 


-0106 


-0041 


-0175 


-0012 


+ 0031 


+ 0065 


+ 0082 


0008 


December 




-0010 


-0007 


-0039 


-0-092 


+ 0005 


+ 0071 


+ 0-079 


+ 0048 


0009 


Year . . 




- 0009 


-0-050 


-0046 


-0045 


-0008 


+ 0039 


+ 0046 


+ 0011 


0-011 



The observations at Dantzic give the following fluctua- 
tions for 16 winds : — 





NNE. 


NE. 


ENE. 


E. 


ESE. 


SE. 


SSE. 


S. 


January . . 


+ 0030' + 0032 




-0010 


-0-021 


+ 0027 


-0053 


-0027 


February 






+ 0109+0178 


+ 053 


+ 0012 


-0002 


+ 0007 


-0031 


-0049 


March . 






+ 0-008 + 0089 


-0031 


+ 0041 


+ 0041 


+ 0-020 


-0-004 


-0038 


April . 
May. . 






+ 0026 +0083 


-0033 


-0059 


-o-ooa 


-0047 


-0-004 


-0056 






-0002 


-0020 


-0020 


+ 0-007 


-0-017 


^0-013 


-0059 


-0-063 


June 






-0041 


+ 0015 


-0019 


-0024 


-0030 


-0021 


-0-024 


-0-028 


July . 






+ 0012 


-0035 


+ 0012 


-0035 


+ 0016 


-0064 


0000 


-0055 


August . 






+ 0-012 


+ 0-039 


-0-001 


+ 0014 


-0065 


+ 0006 


-0-103 


-0*053 


September 






-0011 


+ 0-019 


0000 


-0008 


+ 0006 


-0042 


+ 0003 


-0-036 


October 






+ 0018 


-0004 


-0093 


+ 0028 


+ 0-037 


-0-004 


-0-045 


-0-073 


November 






-0-293 


+ 0185 


-0066 


-0093 


-0068 


-0112 


-0011 


-0043 


December 






-0038 


-0022 


... 


+ 0-110 


+ 0016 


+ 0013 


-0014 


-0-040 





SSW. 


SW. 


WSW. 


w. 


WNW. 


NW. 


NNW. 


N. 


January . . 


-0015 


-0030 


-0006 


+ 0006 


+ 0-007 


+ 0073 


+ 0071 


+ 0008 


February 




-0084 


-0086 


-0103 


-0006 


-0062 


+ 0073 


+ 0-037 


+ 0047 


March . 




-0-150 


-0004 


+ 0002 


+ 0005 


+ 0045 


+ 0-024 


+ 0175 


+ 0068 


April . 




+ 0027 


-0021 


+ 0016 


-0066 


+ 0-017 


+ 0-041 


+ 0111 


+ 0-039 


May. . 




-0065 


+ 0012 


-0046 


-0-004 


+ 0076 


+ 0-030 


+ 0046 


+ 0020 


June 




-0013 


-0026 


-0065 


+ 0-036 


+ 0-017 


+ 0022 


-0060 


+ 0017 


July. . 




+ 0009 


+ 0021 


+ 0-049 


+ 0004 


+ 0060 


+ 0012 


+ 0034 


+ 0-017 


August . 




+ 0000 


-0029 


+ 0012 


+ 0000 


+ 0-015 


+ 0-022 


- 0009 


+ 0024 


September 




+ 0003 


+ 0004 


+ 0018 


+ 0020 


-0001 


+ 0039 


+ 0040 


+ 0-040 


October . 




-0073 


+ 0034 


+ 0-102 


+0021 


+ 0077 


+ 0050 


+ 0-028 


+ 0-050 


November 




-0-022 


-0017 


+ 0072 


+ 0027 


+ 0077 


+ 0076 


+ 0-050 


+ 0046 


December 




-0081 


+ 0-004 


+ 0-102 


+ 0046 


+ 0132 


+ 0075 


+ 0126 


+ 0118 
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CHISWICK. 





W. 


NW. 


N. 


NE. 


E. 


SE. 


S. 


W. 


January . . 


+ 0050 


+ 0029 


+ 0093 


+ 0021 


-0013 


-0029 


-0029 


-0067 


February . . 


+ 0032 


+ 0051 


+ 0-059 


+ 0-047 


+ 0005 


-0056 


-0072 


-0031 


March . . . 


+ 0030 


+ 0-027 


+ 0035 


+ 0025 


+ 0003 


-0042 


-0089 


-0032 


April . . . 
May. . . . 


+ 0005 


-0015 


+ 0038 


-0007 


+ 0013 


+ 0003 


-0028 


-0082 


+ 0025 


-0027 


+ 0024 


-0016 


-0019 


-0014 


-0106 


+ 0003 


June . . . 


+ 0022 


+ 0042 


+ 0006 


+ 0-012 


-0031 


-0027 


-0048 


-0-001 


July. . . . 


+ 0042 


+ 0025 


+ 0032 


+ 0019 


-0019 


-0093 


-0051 


-0-004 


August . . . 


+ 0013 


+ 0171 


+ 0071 


-0003 


-0003 


—0030 


-0-078 


+ 0014 


September. . 


+ 0032 


+ 0060 


+ 0-103 


-0002 


-0002 


-0057 


-0-065 


+ 0-002 


October . . 


+ 0021 


+ 0-067 


+ 0-099 


+ 0016 


+ 0026 


-0-081 


-0014 


-0020 


November . . 


+ 0079 


+ 0061 


+ 0024 


+ 0-043 


+ 0043 


-0008 


-0080 


-0023 


December . . 


+ 0066 


4- 0-088 


+ 0104 


+ 0040 


+ 0040 


-0012 


-0012 


+ 0015 


Winter. . . 


+ 0049 


+ 0056 


+ 0085 


+ 0036 


+ 0001 


-0032 


-0038 


-0-028 


Spring . . . 


+ 0-018 


-0005 


+ 0037 


+ 0001 


-0001 


-0011 


-0074 


-0012 


Summer . . 


+ 0025 


+ 0-079 


+ 0036 


+ 0009 


-0-005 


-0050 


-0059 


+ 0003 


Autumn 


+ 0044 


+ 0063 


+ 0075 


+ 0-019 


+ 0022 


-0073 


-0053 


-0014 



ARYS. 





w. 


NW. 


N. 


NE. 


E. 


SE. 


S. 


SW. 


January . . 


+ 0028 


+ 0131 


+ 0061 


+ 0037 


+ 0011 


-0019 


-0049 


-0034 


February . . 


-0021 


+ 0096 


+ 0096 


+ 0097 


-0025 


-0041 


-0-053 


-0021 


March . . . 


-0020 


+ 0060 


+ 0067 


+ 0-038 


-0-002 


-0019 


-0047 


-0-058 


April . . . 
May . . . 


-0015 


+ 0028 


+ 0-029 


+ 0-017 


-0011 


-0-020 


-0028 


-0017 


+ 0-019 


+ 0022 


+ 0-019 


+ 0-008 


-0016 


-0-027 


-0014 


-0007 


June . . . 


+ 0017 


+ 0-023 


+ 0-008 


-0012 


-0012 


-0033 


-0-034 


-0-018 


July . . . 


+ 0022 


+ 0025 


+ 0006 


-0004 


-0020 


-0044 


-0027 


-0019 


August . . 


+ 0025 


+ 0042 


+ 0032 


+ 0004 


-0019 


-0036 


-0039 


-0-018 


September 


+ 0-012 


+ 0033 


+ 0-028 


+ 0004 


-0006 


-0030 


-0039 


-0015 


October . . 


+ 0-036 


+ 0066 


+ 0077 


+ 0-074 


-0020 


-0037 


-0-031 


-0001 


November 


+ 0026 


+ 0062 


+ 0081 


-0005 


-0005 


-0014 


-0016 


-0032 


December . . 


+ 0033 


+ 0061 


+ 0057 


+ 0053 


+ 0017 


-0017 


-0-039 


-0036 


Winter. . . 


+ 0009 


+ 0093 


+ 0073 


+ 0061 


+ 0005 


-0025 


-0047 


-0031 


Spring . . . 


-0-009 


+ 0-036 


+ 0037 


+ 0018 


-0010 


-0-021 


-0030 


-0036 


Summer . . 


+ 0-021 


+ 0-028 


+ 0013 


-0004 


-0017 


-0037 


-0034 


- 0-018 


Autumn . . 
Year . . . 


+ 0-024 


+ 0049 


+ 0052 


+ 0019 


-0010 


-0026 


-0028 


-0016 


+ 0-012 


+ 0049 


+ 0035 


+ 0022-0-007 


-0-026 


-0036 


-0024 
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B. — The Southern Hemisphere. 

Law. — The barometer falls with K, NK, and N. winds ; 
with a NW. wind it ceases to fall and begins to rise ; it 
rises with W., SW., and S. winds ; and with a SE. wind it 
ceases to rise and begins to fall. (Fig. 2, p. 120.) 

M. Galle * has given a direct confirmation of this law 
by a calculation of observations recorded in the log-book 
of Captain Wendt's vessel, on her voyage round the globe, 
in the years 1830 to 1832. 





Southern 


Northern 


Southern 




Hemisphere 


Hemisphere 


Hemisphere 




Inches 


Inches 


Inches 


wsw. 


+ 0001 


+ 0*003 


+ 0004 


w. 


-0000 


+ 0008 


-0001 


WNW. 


-0000 


+ 0-013 


-0*004 


NW. 


-0001 


+ 0019 


-0004 


NNW. 


-0001 


+ 0019 


-0-004 


N. 


-0001 


+ 0-008 


-0004 


NNE. 


-0001 


-0-008 


-0-004 


NE. 


-0002 


-0008 


-0002 


ENE. 


-0-002 


-0009 


-0001 


E. 


-0-001 


-0007 


-0000 


ESE. 


-0000 


-0006 


+ 0000 


SE. 


+ 0001 


-0-006 


+ 0001 


SSE. 


+ 0-002 


-0007 


+ 0-002 


S. 


+ 0002 


-0011 


+ 0005 


SSW. 


+ 0002 


-0011 


+ 0007 



The observations of Jansenf agree with these ; he 
says: — 

In twenty-one cases it appears that, in general, when the 
wind shifted from NE. through N. towards NW., it was accom- 
panied by a falling barometer ; and that when, on the contrary, 

* Bestatigung der Dove'schen Windtheorie durch die Barometer-verdn- 
deruhgen der Sildlichen Hcdbhugel (Confirmation of Dove's Theory of the 
Winds by the Fluctuations of the Barometer in the Southern Hemisphere). — 
Pogg. Ann. xxxviii. 476. 

t Ondersoekingen met den Zee Thermometer (Investigations with the 
Marine Thermometer), 1861, p. 108, 
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it shifted from W. and NW. through N. towards NE., the baro- 
meter always rose. When a NE. wind became north-westerly 
it usually increased in violence, and the weather was squally ; 
while when a NW. wind became north-easterly, the wind de- 
creased, but the weather was still thick. 

In thirty-two cases it appears that when the wind shifted 
from SW. towards S. and SE., and the barometer rose, the wind 
decreased in intensity ; but when the SW. wind shifted through 
S. towards SE., with a falling barometer, it increased. 



2. The Fluctuations of the Thermometer. 
A. — Northern Hemisphere. 

Law. — The thermometer rises with R, SR, and S. 
winds ; with a SW. wind it ceases to rise and begins to 
fall ; it falls with W.,NW., and N. winds ; and with a NE. 
wind it ceases to fall and begins to rise. (Fig. 3, p. 120.) 

In the following tables the sign (+) indicates a rise, 
(-) a fall. 





Paris 


Chiswick 


Haus 


ZtCHEN 




o 


o 


o 


O 


s. 


-0-65 


+ 016 


+ 0-97 


+ 209 


ssw. 


-0-27 








SW. 


-113 


+ 016 


-005 


-059 


wsw. 


-1-40 








w. 


-1-37 


-045 


-113 


-1-42 


WNW. 


-232 








NW. 


-0-23 


-0-45 


-1-06 


-254 


NNW. 


-0-90 








N. 


+ 0-20 


-005 


-023 


-i-7a 


NNE. 


+ 0-41 








NE. 


+ 110 


-0*29 


+ 079 


+ 041 


ENE. 


+ 1-67 








E. 


+ 1-42 


-007 


+ 092 


+ 1-37 


ese. 


+ 4-25 








SE. 


+ 248 


+ 1-26 


+ 1-28 


+ 1-98 


SSE. 


+ 1-60 
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ZECHEN. 





Winter 


Spring 


Summer 


Autumn 




o 


o 


o 


o 


sw. 


+ 0-59 


-0-38 


-1-85 


-065 


w. 


-0-45 


-113 


-2-72 


-1-40 


NW. 


-2-81 


-259 


-2-32 


-243 


N. 


-218 


-1-80 


-113 


-1-76 


NE. 


-0-63 


+ 016 


+ 090 


+ 1-22 


E. 


+ 0-50 


+ 1-37 


+ 1-94 


+ 1-67 


SE. 


+ 1-82 


+ 275 


+ 020 


+ 315 


S. 


+ 302 


+ 1-87 


+ 115 


+ 221 



cmswicK. 





Winter 


Spring 


Summer 


Autumn 




o 


o 


o 


o 


sw. 


+ 099 


+ 0-20 


-045 


-018 


w. 


-0-77 


+ 0-09 


-041 


-074 


NW. 


-0-45 


+ 0-47 


+ 050 


-1-31 


N. 


-0-59 


-041 


+ 0-41 


-0-77 


NE. 


-1-26 


-0-72 


+ 083 


-025 


E. 


+ 011 


-0-47 


+ 043 


+ 045 


SE. 


+ 1-26 


+ 083 


+ 0*99 


+ 200 


S. 


+ 063 


+ 025 


-074 


-0-79 



We see that at Paris, Halle, Zechen, and Ogdensburgh 
the law comes put very clearly, while at Chiswick this is 
only the case in winter. For this reason it is very desir- 
able that a calculation should be made from some other 
journal of observations in England. In winter the coldest 
wind is from the NE., and in summer from the NW., and 
accordingly the point where the change from a rise to a 
fall (and vice vers4) takes place, undergoes a correspond- 
ing alteration. 

The only proofs from the southern hemisphere are the 
indirect ones, especially those contained in the observa- 
tions of Leichhardt and Strelecki, which have been before 
referred to. The only journal which has been published 



Digitized byLjOOQlC 



VARIATIONS IN THE TENSION OP AQUEOUS VAPOUR. 137 

in detail is that of Hobarton in Van Diemen's Land ; but 
in it two opposite winds (NW. and SE.) appear to predo- 
minate to such an extent, that the values obtainable from 
it for the shiftings with each individual wind, would give 
too great a difference in the values to obtain an accurate 
mean. Nevertheless, it would be desirable to carry out 
the calculation. I have myself been unable to fulfil the 
promise of performing this task, which I gave at the 
Cambridge Meeting of the British Association in 1845 ; 
and I fear that there is no prospect of my being able to 
do so, owing to the small proportion of my time which I 
can devote to scientific investigations. 



3. Variations in the Tension of Aqueous Vapour. 
A. — Northern Hemisphere. 

Law. — The tension of aqueous vapour increases with 
K, SE., and S. winds; with a SW. wind it ceases to 
increase and begins to decrease ; it decreases with W., 
NW., and N. winds ; and with a NE. wind it ceases to 
decrease and begins to increase. 





London 


Hallb 




Inches 


Inches 


w. 


0000 


-0005 


NW. 


-0007 


-0021 


N. 


-0014 


-0*016 


NE. 


-0005 


-0010 


e. 


-0010 


+ 0007 


se. 


+ 0006 


+ 0028 


s. 


+ 0008 


+ 0016 


SW. 


+ 0002 


0000 



We have no journals kept in the southern hemisphere. 
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4. Variations in the Pressure of the dry Air. 

A. — Northern Hemisphere. 

Law. — The pressure of dry air decreases with E., SK, 
and S. winds ; with a SW. wind it ceases to decrease and 
begins to increase; it increases with W., NW., and N. 
winds ; and with a NE. wind it ceases to increase and 
begins to decrease. 





London 


Halle 




Inches 


Inches 


w. 


+ 0011 


+ 0031 


NW. 


+ 0039 


+ 0-092 


N. 


+ 0-063 


+ 0-048 


NE. 


+ 0023 


+ 0013 


E. 


-0-002 


-0024 


SE. 


-0055 


-0073 


S. 


-0050 


-0050 


SW. 


-0025 


-0004 



There are no calculated journals for the southern 
hemisphere. 

We may append to the above laws the following rules 
for the fall of rain or snow : — 

(1.) The fraction of saturation of the air increases with 
easterly, decreases with westerly, winds, and this takes 
place rather beyond the points where the barometer and 
thermometer attain their extreme values. The ground of 
this is, that on the west side the cold wind, which sets in 
close to the ground, commences by diminishing the capa- 
city of the air for moisture, while the warm wind on the 
east side, which sets in at a higher level, at once increases 
that capacity. Observations carried on at Paris for ten 
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years lead to the following results. The sign (+) indi- 
cates a rise, ( — ) a fall. 



NW. 


-4-5 


N. 


-70 


NE. 


-4-3 


E. 


-0-9 



SE. 


o 
+ 4-7 


S. 


+ 2-7 


SW. 


+ 7'6 


w. 


+ 50 



(2.) The formation of the cirrus, the indication of the 
commencement of the equatorial current which is visible 
below, is accompanied by a fall of the barometer ; that of 
the cumulostrati, rolling up from the western horizon, by 
a rise of the barometer. 

For this statement the only proofs I can allege are the 
meteorological observations made by me at Konigsberg 
from 1826 to 1829. Since that time I have found that 
the fact has been confirmed by my observations. 

(3.) Inasmuch as the difference in temperature, and 
consequently in pressure, as shown by the barometer, 
between the currents is greatest in, winter, the polar 
current displaces the equatorial most rapidly at that 
season. During the precipitation which takes place at 
this time, the lower current shifts more to the northward. 
Hence the mean direction of the wind is more northerly 
with snow than with rain. In Berlin it is WSW. with 
rain (65° 54'. S. being taken =0°), and NW. with snow 
(133° 590. 

(4.) Owing to the same causes, which produce, in 
general, a greater oscillation of the barometer in winter 
than in summer, we find that on an average the baro- 
meter is more depressed below the mean level for the 
wind during snow than during rain. Leopold von Buch 
was the first to observe this fact. The results of the 
observations at Berlin are — 
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Mean 


With Rain 


With Snow 


N. 


29869 


29-700 


29597 


NE. 


29896 


29-761 


29640 


E. 


29873 


29-768 


29-609 


SE. 


29-712 


29-578 


29-504 


a 


29-580 


29-495 


29-376 


SW. 


29-629 


29-536 


29-479 


W. 


29763 


29-681 


29-627 


NW. 


29-827 


29755 


29-696 



If, however, both rain and snow fall during the course 
of the same circuit of the windrose, owing to the fact that 
the snow which falls when the wind is SE., changes to 
rain when it is SW., and returns to snow when the wind 
becomes westerly, we shall find the level of the barometer 
lower during the fall of rain than during that of snow. 
This fact proves the incorrectness of Espy's opinion, viz. 
that the reason that the level of the barometer is lower 
during snow than during rain is, that a greater amount of 
latent heat must be set free during the condensation of 
aqueous vapour to the form of snow, than when it is only 
condensed to rain. 

(5.) The barometer falls with rain during easterly 
winds, rises with rain dining westerly. I have found 
that the observations at Paris give the following results 
(in inches) for the fluctuation in twelve hours ; ( + ) indi- 
cates a rise, (— ) a fall. 



NNE. 


-00005 


SE. 


-00194 


WSW. 


+ 00008 


NE. 


+ 00148 


SSE. 


-00395 


W. 


+ 00942 


ENE. 


-00419 


S. 


-00276 


WNW. 


+ 01251 


E. 


-00561 


ssw. 


-0-0267 


NW. 


+ 01189 


ESE. 


-00302 


SW. 


-00065 


NNW. 
N. 


+ 00663 
+ 00586 



Kamtz has confirmed the results obtained at Paris by a 
calculation of the observations made at Stockholm. 
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Day before rain 


Day of rain 


E. 


-o-ooi 


-0-036 


SE. 


-0-044 


-0058 


S. 


-0036 


-0054 


SW. 


-0063 


-0024 


w. 


+ 0-011 


+ 0019 


NW. 


+ 0027 


+ 0094 


N. 


+ 0037 


+ 0053 


NE. 


+ 0-005 


+ 0039 



(6.) If we neglect the cold produced by evaporation, 
we find that the temperature rises after rain with an 
easterly wind, falls after rain with a westerly wind. The 
results of the observations are given below ; the daily fluc- 
tuation is, of course, eliminated, as in all the previous 
cases. 



NE +2-39 

ENE +725 

E +002 

ESE +315 

SE +6-97 

SSE +0-81 

S +018 

SSW. .... +005 



SW. -212 

WSW. -1-22 

W. -218 

WNW. .... -216 

NW. -0-97 

NNW. +1-40 

N +4-91 

NNE -1-31 



The data which have been cited prove clearly that the 
contrast between the east and west sides of the windrose 
is as marked when a fall of rain or snow takes place as 
when the circuit of the wind is completed without such a 
precipitation of moisture. 

We have referred the contrasts between the east and 
west sides of the windrose, which are so clearly marked 
as regards the precipitation of moisture, to the fact that 
the phenomena of the west side are produced by the dis- 
placement of the equatorial by the polar current, while 
those of the east side are due to the displacement of the 
polar by the equatorial current. The observations from 
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which the above rules have been deduced are affected, in 
one respect, by a local influence, — viz., that Europe is 
situated between the ocean on the west and a great con- 
tinent on the east. This disturbing influence might be 
eliminated by taking other stations whose position was an 
exact contrast to that just described, and for this purpose 
the coast stations of the United States are admirably 
adapted. It is to be desired that even a single journal, 
extending over a considerable number of years, should be 
subjected to examination, so that the readings of the 
barometer, thermometer, and hygrometer, taken a certain 
number of hours before a definite observed direction of 
the wind, which is accompanied by the precipitation of 
moisture, should be compared with their readings taken 
at the same number of hours after it. Such a calculation 
would show us the effect which is produced when easterly 
winds have increased their condition of saturation by their 
passage over the sea, while the westerly winds have lost a 
proportion of the aqueous vapour which they contained 
by having been in contact with land, especially in a dis- 
trict where a north and south chain of mountains lies in 
the path of the wind from the western coast. With the 
exception of Toronto, which is not so well adapted for 
such investigations, as it lies actually on the shore of a 
great fresh-water lake, I am acquainted with no journal 
from the district alluded to, excepting that published by 
Mr. Bache in the Observations at the Meteorological 
Observatory at Philadelphia. This journal does not ex- 
tend over a sufficient period of time, inasmuch as we have 
to deal with magnitudes of the second order, if we take 
the northerly and southerly winds as magnitudes of the 
first order. I said in the third volume of the Observa- 
tions made at the Magnetical and Meteorological Obser- 
vatory at Hobarton in Van Diemen's Land, p. 10 : — 
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Meteorology began with the study of the phenomena which 
are observed in Europe ; it received its first extension of im- 
portance from the observations of the phenomena in tropical 
America (i. e. by Humboldt). If the facts which hold true for 
Europe were equally applicable to the temperate and frigid 
zones in all longitudes, and if, in like manner, tropical America 
represented the torrid zone in general, it would not be of much 
importance in what part of the world the study of meteorology 
took its origin. This is, however, not the case, and a too hasty 
generalisation has led to the disregard of some important phe- 
nomena, while those of less importance were brought into the 
foreground. It was time for this science to free itself from the 
leading-strings of its infancy. 

It is to be hoped that the want which is here expressed 
may be supplied by cooperation between the land-stations 
on the different continents, especially since the naval ob- 
servers have already set the example of united action. 
Such cooperation as this is the more necessary as there 
are many questions in meteorology which can only be 
answered by a complete and uninterrupted series of obser- 
vations carried on at the same station. 

We may conclude indirectly that the results which have 
been obtained for land hold good at sea, if the results of 
experience arrived at by seamen agree with those esta- 
blished by observations and calculations at land-stations. 
It was, therefore, satisfactory to me to find in a work 
published in the year 1855, by that distinguished navigator, 
Captain Lartigue,* which is a second edition of the 
work which appeared in 1840, the description of the 
characters of the various winds expressed in almost the 
same words as I have used in my papers ever since the 

* Exposition du Systeme des Vents ; ou, TraiU du Mouvement de VAir a la 
Surface du Globe et dans les IMgions Elevies de V Atmosphere (Explanation 
of the System of the Winds ; or, Treatise on the Movement of the Air at 
the Surface of the Globe and in the Upper Regions of the Atmosphere). 
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year 1827, and in my Meteorological Investigations in 
the year 1837. In this work the rules for both hemi- 
spheres are given beside each other. In the passages 
relating to the Law of Gyration I shall insert the symbols 
relating to the southern hemisphere in parentheses after 
those for the northern. I must first insert some general 
remarks relating to all observations made at sea. 



5. Effect of the Motion of the Ship on Observations 
of the Law of Gyration. 

The evidence adduced from marine observers has referred, 
with the exception of the individual observations which 
Dumont d'Urville communicated to me, to the general 
impressions produced on them by the changes of the 
direction of the wind in both hemispheres, and we may 
conclude that their observations were made both at sea 
and in harbour, as, even in the latter case, the sailor never 
neglects to observe the direction of the wind. Observa- 
tions carried on in this way are really made under very 
different conditions, as will be seen if we take an example. 
Supposing that at any point on the northern hemisphere 
a polar current sets in, and that a ship sails before it 
towards the equator, it will observe a gradual shift of the 
wind from K through NE. towards E., while at any 
fixed station on the track of that ship the direction of 
the vane would remain unchanged, provided that the 
point where the current takes its origin remains unaltered. 
If, on the contrary, we suppose that the ship sails towards 
the point where the current takes its origin, at the same 
rate as that point moves away from the fixed station, the 
observer on board ship would find that the direction of 
the wind remained unchanged, while a shift of the wind 
would be observed at the land station In general an 
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approach to the equator will accelerate the rotation of 
the polar current (from H. through HE. to E. on the 
northern, from S. through SE. to E. on the southern, 
hemisphere), while an approach to the pole will retard it. 
The effect of the former is the same as that which a 
removal of the point of origin would produce at a land 
station ; the effect of the latter as that of the approach of 
that point to the station. Conversely, the approach of the 
ship to the equator will retard the rotation of the equa- 
torial current (from S. through SW. to W. on the northern, 
from H. through HW. to W. on the southern, hemisphere), 
and an approach to the pole will accelerate it. It seems 
most advisable to make these remarks in connection with 
the observations of Lartigue, as he points out most dis- 
tinctly how the same current changes its direction in the 
course of its progress. I have accordingly kept his evi- 
dence distinct from that of the other observers. If we 
take the Law of Gyration to mean the regular succession 
of the directions of the wind at any one station, as I have 
done in all my investigations, it is clear that, accurately 
speaking, the sailor, as he is changing his position, does 
not observe the same facts as a person placed on land 
does, but combines different steps, observed at different 
stations, of the same gyration, which passes regularly 
through all its steps at each of these stations successively. 
We cannot, therefore, obtain from any one log-book results 
for the sea which will correspond with those obtained at 
the land stations, but must combine the observations re- 
corded in the log-books of several ships which passed the 
same point in succession. This is very hard to insure, but 
it would be desirable that sailors should make a distinction 
between the observations made by them in port and those 
made when the ship is under weigh. It is possible that 
the wind might shift against the sun when the ship is 

L 
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sailing into higher latitudes, without this shift being in 
reality an abnormal gyration. Such a shift as this is dis- 
tinguished from those which will be explained hereafter, 
and which are due to cyclonical movements, by the fact 
that the change of direction takes place slowly in the 
former, rapidly in the latter, case. 

The results obtained by Lartigue are as follows : — 

If in the northern (southern) hemisphere the SSE. (NNE.) 
wind commences to blow gently, it freshens gradually. If the 
sky becomes overcast, the wind rises higher, and it shifts round 
towards SW. (NW.). Eain begins to fall when the wind is be- 
tween S. (N.) and SSW. (NNW.) ; the weather then becomes 
cloudy, and the wind shifts to SW. (NW.) and WSW. 
(WNW.). It often stays in this point for several days, but 
usually it shifts quickly to WNW. (WSW.), with occasional 
heavy showers, which follow each other rapidly. The wind is at 
its greatest height at this time. 

If the WNW. (WSW.) wind continues to blow with the 
same intensity for a considerable time, it will afterwards shift 
towards NW. (SW.) or N. (S.), and if the weather then clears 
up, it is a sure sign that it (the wind) will be able to reach the 
torrid zone (sic). 

If the force of the wind decreases after that it has shifted 
from SW. (NW.) or WSW. (WNW.) to WNW. (WSW.), and 
the weather does not clear, it will shift back to WSW.* (WNW.), 
blowing meanwhile from the intermediate points. The WSW. 
(WNW.) wind, after a time, takes a fresh shift to WNW. (WSW.), 
and returns again to WSW. (WNW.). If the wind should blow 
during these oscillations from any point between NW. (SW.) 
and N. (S.), or between SW. (NW.) and SSE. (NNE.), it may 
attain the intensity of a storm. 

In all cases, immediately before the WNW. (WSW.) wind 
displaces the WSW. (WNW.), the latter approaches the south 
point (north point) and increases in intensity, and when the 

• This is the phenomenon which I have termed the frequent resilition of 
the wind on the west side. 
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WNW. (WSW.) begins to blow, and also during the shower, its 
direction approaches the north point (south point). 

Generally, the winds shift from WSW. (WNW.) to WNW. 
(WSW.), but frequently, in latitudes above the parallel of 40°, 
they only veer from W. i SW. (W. £ NW.) to W. \ NW. 
(W. £ SW.). In the neighbourhood of the equator they shift 
regularly from SW. (NW.) to NW. (SW.), and even to N. (S.). 

If the wind begins, after a calm, to move from the pole 
towards the equator, it assumes in general, in the temperate 
zone, a northerly (southerly) direction, and shifts gradually to 
NNE. (SSE.) and NE. (SE.) in its progress southward (north- 
ward). It does not attain its greatest intensity until it reaches 
the torrid zone, and blows from the NNE. (SSE.). 

If the wind shifts, in the temperate zone, in this direction, 
viz. from left to right, like the hands of a watch, it should be 
remembered that it never attains great intensity excepting at 
the moment of the shift from WSW. (WNW.) to WNW. 
(WSW.), and that it never holds long in the NW. (SW.) and 
N. (S.) points unless in districts where the configuration of the 
land causes its intensity to increase, as in the Gulf of Lyons 
and the Gulf of Mexico (the Bay of Eio de la Plata), where 
it often blows in squalls. If, on the contrary, the wind in the 
temperate zone shifts in the opposite direction, viz. in the oppo- 
site way to the hands of a watch, great disturbances in the 
condition of the atmosphere may ensue, such as squalls, gales, 
and hurricanes. 

There are, however, some exceptions to this rule. It some- 
times happens on the west coast of France, and in very high 
latitudes, that the wind, after a calm, commences from the S. 
(N.), then shifts to SE. (NE.), E. (E.), and NNE. (SSE.), with- 
out attaining great intensity, and without any change of weather 
from fine to wet ; but if the wind passes from NNE. (SSE.) to 
N. (S.) and NW. (SW.), it may blow in squalls or even rise to a 
storm. 

The observations which were made by Lartigue himself 
are given in the 4 Annales Maritimes,' 1841, p. 258 sqq. 

Northern Hemisphere. In the roadstead of Brest I have 

JL 2 
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observed for many years that the wind shifted from WSW. to 
WNW., that the weather was showery when the wind was in the 
latter point, and that it became fine when the wind was from 
the NW. In Paris I have observed nearly the same facts. After 
calms, both at Brest and at Paris, the wind commences to blow 
from the S. and SSE. and shifts to SSW. and SW. 

Ship Marengo, Nov. 6, 1814. Lat. 35° 25'N., long. 19° 40' W. 
After light winds from the SE., S., and SSW., which lasted ten 
hours, the wind blew from the W. and then shifted to NNW., 
where it blew fresh; farther to the southward we found the 
wind northerly, and then, for three days, very fresh from the 
NNE. 

Nov. 13, 1814. Lat. 29° 25' N., long. 23° 10' W. After 
a calm of some hours' duration the wind rose from the SSW., 
then shifted to SW. and WSW. ; after two days to W. £ NW. 
for five hours, then to NW. and N., shortly afterwards to NNE. 
and NE. 

Frigate Cybele, June 17, 1816. Lat. 45° N., long. 48° W. 
After a calm for twelve hours a breeze got up from the 
SSE., which then shifted to S., SSW., WSW., and finally to 
WNW. 

June 24, 1816. Lat, 45° 50' N., long. 55° W. After a 
calm for seven hours a gentle breeze came from the SE., which 
freshened gradually as it shifted to SSW. and SW. On the 25th 
the wind was N., then NNE. 

Oct. 7 to 9. Lat 45° 37' to 50° N., long. 56° W. Three 
times, after a calm, the wind shifted from S. to SW., and then 
suddenly to NW. Between lat. 45° 37' N., long. 55° 48' W., 
and Brest, the wind shifted from WNW. to N. 

Corvette La ZStte, June 29, 1818. At Eochefort the wind 
was N., next morning NE., ENE., E. 

Lat. 41° 20' N., long. 13° 30' W. The wind was at NNW. 
and NW., and became NNE. and NE. after we passed the 
parallel of the Straits of Gibraltar. 

Frigate Clorinde, Aug. 11, 1821. Lat. 37° * 15' N., long. 
14° 25' W. A light wind from WNW. veered in twelve hours 
through N., NNE., NE., and E. In lat. 33° N., long. 17° W., it 
was NE. and NNE. 
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Goellette Lyonnaise, Feb. 18, 1825. Lat. 37° N., long. 
15° 45' W. The wind was WNW. for ten hours, then N. ; ten 
hours later, ENE. On the 20th it was E., and then SE., in 
lat. 35° N, long. 18° W. On the afternoon of the 21st, in lat. 
32° 15' N., long. 20° 50' W., it was first SSE., -then S., SSW., 
and SW. On the 22nd it was WNW., NNW., NNE., and then 
NE. to Teneriffe. 

Brig Alcibiade, Oct. 17, 1828. Lat. 41° 10' N., long. 17° 30' W. 
After a calm for two hours a breeze came from SSW. ; it then 
freshened and shifted to SW. and WSW. After thirty-six hours 
it shifted from WSW. to WNW. and then to NNW. 

Oct. 20. After a calm for some hours in lat. 37° 15' N., 
long. 23° W., the wind was SSW., then it shifted from SW. to 
NW., and subsequently to NE., E., and SE., until the 25th, in 
lat. 34° 5' N., long. 31° W. It then became SSW., and veered 
through N. to NNE., NE., E., SE., and SSE. 

Oct. 28. Lat. 33° 27' N., long. 39° W. A southerly wind, 
which was very squally, became first WSW., then WNW., and 
lastly NE. 

Nov. 4. Lat. 34° 18' N., long. 64° 40' W. The wind was 
E., then ESE. In lat. 36° 19' N., long. 70° 52' W., it was S., 
then SW. On November 6, it was SW., then WNW., and 
shifted after a violent squall to NNW. and N. 

Two similar instances, one between Norfolk and St. Domingo, 
where the wind shifted from N. to NE., the other between 
Pensacola and the Havanna, where a northerly wind shifted to 
NE. and then to E. 

Melpomene. In the instance here quoted the ship sailed from 
the Straits of Gibraltar to the northward as far as the parallel of 
45°, so that the change of wind took place in the retrograde 
direction, since the ship, in higher latitudes, found a wind which 
had not undergone so great a deflection, owing to the motion of 
the earth. It is probable that if the ship had remained stationary, 
the wind would not have appeared to have changed, provided 
that the intensity and the distance of the initial point of the 
current had remained unaltered. The wind in lat. 42° N. was 
ENE. ; in 43° 15' NW., in 44° WNW., and in 45° in the meridian 
of Cape Finisterre it was between WSW. and W. It is possible 
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that this was a case in which a wind blowing in the direction of 
a parallel of latitude was deflected in the same way, as, accord- 
ing to Hadley's original principle, it is only possible for winds 
to.be deflected which make a certain angle with these parallels. 

Frigate Atalante, Nov. 1833. In lat. 29° 10' N., long. 27° W., 
a strong NNW. wind, after forty-eight hours, became less vio- 
lent, and veered to N. and NNE. ; then to NE. in lat 21° N., 
long. 37° W., and at last fell more and veered almost to E. 

Jupiter \ Feb. 5, 1836 (abnormal). The wind was NNE., 
then N., NNW., and finally NW., while the ship was sailing 
westwards. In lat. 42° 55' N., long. 13° 45' W., the gyration 
was normal, for as the ship went southwards the wind became 
first NNE. and then ENE. 

Corvette Garavane, Sept. 12, 1838 (abnormal similarly). 
In the Straits of Gibraltar the wind was NE. and ENE., then 
NNW. and NW., in lat. 35° 1 1' N., long. 10° 6' W. ; subsequently 
W., then SW., and lastly SSW. The normal shift to NNW. 
and N. did not take place till October 1, in lat 20° 41' N., long. 
41° W., viz. SE., S., SW., NW., N. 

In addition to the observations which Lartigue himself 
made, he quotes the following authorities in confirmation 
of his views : — 

Great Northern Ocean. Laperouse, pp. 345, 305,307,309,3 1 1 . 

Portlock and Dixon, 1785, p. xx. (two instances); App. xxiv. 
(two instances) ; pp. xxv., xxvii., and xxviii. 

Cook, 1779, iv. 514, 515. Indian Ocean, 518. 

Ship La Bonite, 282, 283. 

Atlantic Ocean, Southern Hemisphere. Bougainville, 1826, 
ii. 155, very remarkable instance; 157, the same. 

Duperrey, 13, 1822. ( Observat MtttoroV two instances, 25 ; 
three instances, 117, 119, 121. 

Pacific Ocean, Southern Hemisphere. Lapfrouse from Tal- 
caguana to Easter Island. The S. and SSW. winds change to 
SSE., SE., and ESE., in proportion as the latitude becomes 
lower, 285. 

Indian Ocean, Bougainville, 1824, 111, two instances. 
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New Holland, 139. 

From Port Jackson to Valparaiso, 145 (two instances), 
147, 149. 

From Valparaiso to , 15, 153, 155. 

Ship V Astrolabe, 1828, 131 (two instances), 137. 

Cook, 1773, iv. 231, 490. 

Duperrey, c Observat. MeUoroV 25, 31, 49. 

Ship La Bonite, 1836, 101, 102, 106, 111, 120, 147, 148, 149. 

In all the descriptions which have been hitherto given 
of the fluctuations of the instruments, reference has been 
made to the direction of the wind as indicated by the 
vane. I have described (p. 83) the manner in which the 
currents displace each other, in the same terms as I used 
in my ' Meteorological Investigations,' * and have ex- 
plained there how the equatorial current makes its appear- 
ance in the upper strata of the atmosphere and displaces 
the polar current from above, while the polar current, on 
the contrary, first appears in the lower strata and gradually 
rises. In this respect the statements of Lartigue agree 
perfectly with mine, with the sole exception that he uses 
the term (p. 47) vents primitifs (primitive winds) for 
the current which I have called the polar current, and 
vents secondaires (secondary winds) for the equatorial 
current. I do not see any reason to change the nomen- 
clature which I have introduced, inasmuch as it is em- 
ployed in Germany, England, Eussia, and also in France, 
as appears from a complete review of my works by Laugel 
in the 4 Revue des deux Mondes' 

An immediate result of this mutual displacement of 
the winds is that, very frequently, winds which are blow- 
ing in opposite directions are flowing one above the 
other. Should the difference of temperature between the 
two currents produce a mist at the bounding surface, 

* Meteorohgi8che Untermchungen. 8vo. Reimer, Berlin, 1837. 
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and should this take place within the upper current, we 
are able to ascertain the direction of this upper current 
by observing the drift of the clouds from below. 

There are two distinct causes to which the precipitation 
of moisture may be referred (neglecting those due to the 
courant ascendant [ascending current}), one of which is 
that the equatorial current, in its passage into higher 
latitudes, has its temperature lowered ; the other that the 
contact of the two currents causes a condensation of 
moisture. The first-named of these I have termed the 
4 precipitations of the current,' the second the ' precipita- 
tions of the change of currents.' It is evident that in 
the first of these the drift of the clouds corresponds to 
the under current, and that, inasmuch as the equatorial 
current is a south wind which has received a westerly 
deflection proportionate to the distance which it has tra- 
velled, the directions of the wind for the west side, 
obtained from the drift of the clouds, must exceed in 
number those observed on the vane at the surface of the 
earth. The opposite must be the case with the east 
winds : for, as they bring clear weather, it will be impos- 
sible to demonstrate the existence of the current at a 
high level when it is prevalent in the lower and upper 
strata, inasmuch as the materials by which the current 
might be rendered visible below are absent. This shows 
us that, although we may admit that the direction of the 
wind, which is given by the drift of the clouds, is not 
affected by so many of the disturbing actions exerted by 
the surface of the earth on the air which is flowing over 
it, yet we must not forget that a material complication is 
introduced by the fact that the clouds give the direction 
at times of the lower, at times of the upper current, while 
the vane of the weathercock only indicates the point 
from which the under current is blowing. 
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In this way the results obtained by Bertrand le Doue 
( 6 De la Frequence comparee des Vents SupSrieurs et 
Inferieurs' — On the Comparative Frequency of the 
Upper and Under Currents) are to be explained. He 
finds from observations carried on by himself at Le Puy 
for five years, by Quetelet at Brussels for eight years, and 
by Miiller at Gorsdorf for four years, the following pro- 
portions : — 





Lb Puy 


Brussels 


G6'SSDORP 


Upper 


Under 


Upper 


Under 


Upper 


Under 


NE. 


81 


160 


82 


84 


32 


43 


E. 


9 


14 


82 


121 


119 


128 


SE. 


31 


122 


28 


64 


66 


125 


S. 


82 


117 


82 


121 


85 


73 


sw. 


125 


75 


244 


178 


274 


210 


w. 


194 


120 


282 


180 


220 


217 


NW. 


232 


222 


116 


87 


133 


75 


N. 


246 


179 


84 


65 


71 


29 



With SW. below and SE. winds above, the amount of 
rain which was collected at Le Puy was 296 millimetres; 
with SW. above and SE. below, it was 131 : so that in 
the former case it was greater than in the latter, while the 
proportion with other winds was the opposite. This is 
due to the fact that with the winds mentioned (SW. and 
SE.) the precipitations of the current unite with those of 
the change to produce the total result. 

There is another circumstance affecting this result to 
which Broun ( 4 General Eesults of the Observations in 
Magnetism and Meteorology made at Makerstown in 
Scotland,' p. 104) has drawn attention. Inasmuch as the 
earth seeks to impart its own velocity of rotation to the 
air which is in contact with it, it has a tendency to exert 
an action in diminishing the deflection which has been 
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imparted to the current in its passage over parallels of 
latitude whose velocity of rotation is continually decreas- 
ing. Broun found the direction of the wind at the 
surface of the earth W. 21° S., of the 4 under scud cur- 
rent' W. .7° S., of the Cirrostratus current W. 2° R, 
and lastly that of the Cirrus W. 9° N. 

The same law seems to hold good in the torrid zone, in 
the region where the Monsoons prevail, viz., that when 
the alternation of the currents takes place, the displace- 
ment of one current by its successor from the opposite 
point of the compass does not take place simultaneously 
in all the strata of the atmosphere. Le Gentil says 
Voyage,' i. 485) that, for three or four weeks before 
the change of the Monsoon, the drift of the highest 
stratum of clouds was in the opposite direction to that 
of the existing Monsoon at the surface of the earth, and 
in the direction of the Monsoon which would ensue after 
the change. 
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I.— The Storms of the Torrid Zone and their 
Extension into the Temperate Zones. 

The idea that any considerable diminution in the pressure 
of the atmosphere must be the result of some unusual 
disturbance in that medium, offers itself naturally to our 
mind, and it has, therefore, been long since maintained by 
those who observed that the weight of the atmosphere 
varied at different times. Otto von Guericke had attached 
a scale to the water barometer which he had invented 
in order to measure these variations, and quotes in 
chap. xxi. of the 'Mirabilia Magdeburgica,' in Schott's 
4 Technica Curiosa,' a remarkable observation: — 'In the 
year 1660 the air became so unusually light, that the 
finger of the little figure indicated a point below the 
lowest mark on the glass tube. When I saw this, I said 
to the persons who were present that, without doubt, a 
violent storm had arisen somewhere or other. Two hours 
had hardly passed when that storm burst over the country, 
although with less fury than it had exhibited on the ocean.' 
A more modern instance of the same fact is given by the 
storm of January 17, 1818, whose fearful ravages could 
be traced by me in the year 1827 in the forests of 
Prussian Lithuania, nearly ten years after the time when 
its devastations were felt from the coast of England to 
Memel, over an area of 1,100 miles in length and 
190 in breadth. On January 18, the barometer at 
Konigsberg fell 0*71 in. in eight hours, and between the 
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3rd and 17th 1-865 in. in all. In Dantzic it fell 1-598 in. 
In Edinburgh also, where the effects of the storm were 
such as are usually only produced by electrical ex- 
plosions, the fall of the barometer was very great. In 
fact, the remark of Otto von Guericke has been so abun- 
dantly confirmed by the experience of the two centuries 
which have elapsed since his time, that the lettering 
attached to our barometers at the present day usually 
ends with the words ' stormy.' 

The truth of these rules is not confined to the tem- 
perate zone. Scoresby earnestly recommends the use of 
the barometer to the seamen whom the whale fishery 
attracts to the dangerous waters of high latitudes. In 
consequence of a fall of his marine barometer of 0*825 in., 
on April 5, 1819, in lat. 70° 49' N., long. 70° 15' W., he 
was warned of and escaped a storm, which raged for 
two days incessantly. Similarly, several instances are 
given from the Trade-wind zone and the district of the 
Monsoons, in which an unusual diminution of pressure 
preceded West India hurricanes and typhoons. On 
July 26, 1825, the same fact was observed when 
Basseterre in Guadaloupe was destroyed by a storm, of 
whose violence some idea may be formed from the report 
of Gen. Baudrant, in which it is stated that three twenty- 
four pounders were blown away by it, and that a piece 
of deal board, 37 inches long, 9 inches wide, and £ inch 
thick, was driven through a palm tree 16 inches in 
diameter.* Similar atmospherical conditions accom- 



* It sometimes happens that whirlwinds of smaller dimensions produce 
extraordinary mechanical effects. Such a storm, whose diameter was only 
a quarter or half an English mile, passed, on April 8, 1833, between 
Calcutta and the great salt-water lake, about three miles to the eastward 
of the city. It was felt over an area sixteen miles in length, and in the 
course of four hours killed 215 persons, wounded 223, and blew down 
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panied a fall of the barometer of 1-154 in. at St. Tho- 
mas, on September 29, 1819. On August 2, 1837, 
at 4 o'clock p. m., the harbour-master of Porto Eico 
notified to the masters of vessels that they ought to 
prepare for a storm, as the barometer was falling 
considerably. At 8 o'clock P. M. it had fallen to 
29-601 in. ; at 11 o'clock to 29-300 ; and ultimately 
to 28*0 in. The fall was about the same as at St. Tho- 
mas, where it fell from 29-930 to 28-064 in. during 
the same storm. All the precautions were in vain. 
Not a single one of the 33 ships which were lying 
at anchor could be saved, for the storm was of such 
violence that 250 houses were destroyed in St Bartho- 
lomew alone. The ruin at St. Thomas was still more 
fearful, as the wrecks of 36 ships bestrewed the harbour, 
and the fort at its entrance was as much shattered as if it 
had been exposed to a bombardment. In this case, too, 
some twenty-four pounders were blown away. A large 
well-built house was torn from its foundations and left 
standing upright in the middle of the street, while 
other houses were completely blown down. We read in 
the 4 Annales Maritimes * (ii. 550) the following account 
of the storm of January 26, 1825, at Guadaloupe: — 
'Five ships, which had lain at anchor in the roads of 
Basseterre, disappeared, and only two of the captains 
were saved : one of them, Mackeown, saw his brig, after a 
struggle with the raging sea, carried up by a whirlwind — 
faire, pour ainsi dire, naufrage dans les airs (to be 
wrecked, so to speak, in the air).' The phenomena which 
accompany the storms of the Indian Ocean are precisely 

1,239 fishermen's huts. It forced a long bamboo cane through a wall five 
feet thick, so as to pierce the facing of the wall on both sides. The editor 
of the India Review remarks that a six-pounder could hardly have pro- 
duced the same effect. 
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analogous to those just mentioned. In the night between 
February 28 and March 1, 1818, the barometer fell 
at the Mauritius, during the hurricane, to the level of 
28*064 in. (reduced to the height at the sea-level).* 
It fell almost as low during the hurricane of March 
1836. On the 6th, at 5 a. m., its height was 29-930 in., 
and by 8 o'clock on the morning of the 8th it had 
fallen to 28*229 in. Here, too, the force of the wind 
was almost incredible. The Theatre was a T-shaped 
building, and the body of the house, which was 82 feet 
in length and 34 in breadth, was torn from the faqade 
on March 1, 1818, and removed to a distance of 5 feet 
from its foundations. 

Whenever two occurrences constantly take place to- 
gether, we may, with some probability, conjecture that 
they are mutually connected in the relation of cause and 
effect. We cannot decide which of them is the cause 
and which the effect, as it is not impossible that they 
may both be the results of some third primal cause. We 
are equally unable to decide immediately whether, even 
if one of the occurrences may have been directly the 
result of the other, the same effect might not have been 
brought about in a different manner. 

Barometrical minima constantly occur when there is a 
considerable disturbance of the atmosphere. We see, how- 
ever, that the level of that instrument is frequently very 
low at a time when mild spring winds seem to waft us 
from the severity of winter into a more genial season. 
Observers found it hard to convince themselves that so 

* In the account we read, ' Jamais on ne Tavait vu aussi bas. Plusieurs 
personnes crurent que leurs barometres Staient deranged, celles qui ne pou- 
vaient se meprendre sur la cause de cette depression, s'attendaient a une 
grande catastrophe.' (It bad never been seen so low before. Many persons 
thought that their barometers were out of order, while those who could not 
be mistaken as to the cause of the depression expected a great catastrophe.) 
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gentle breezes could disturb the equilibrium of the 
atmosphere to the extent that their instruments seemed 
to indicate, and they consequently attributed the great 
diminution of pressure to other causes. It is a very 
natural idea to connect the fearful convulsions of the 
earth's surface, which take place during an earthquake, 
with disturbances of the atmosphere, and it has therefore 
been not uncommonly supposed that the barometer 
should indicate the occurrence of such a catastrophe in 
distant countries. This view seemed to be confirmed by 
the fact that four days after the destruction of Messina, 
in the year 1783, the barometer exhibited an unusually 
low level over the whole of Europe. Van Swinden was 
led from this to believe that a connection existed between 
the two phenomena. Brandes instituted a comparison of 
the meteorological observations which were made at the 
time, as given in the Mannheim Ephemerides, and found 
that on the 9th of February the amount of depression 
below the mean level of the barometer was 1*243 in. 
at Lyndon in Eutlandshire ; 1-199 at Amsterdam and 
Franeker; 1132 at Dunkirk; 1-110 at Middleburg ; 
1-088 at Paris ; 1*021 at Laon, Nantes, and Cambray ; 
0*932 at Brussels, Chartres, Poictiers, and Eochelle ; 0*888 
at Troyes and Montmorenci ; 0*799 at Gottingen, Mayence, 
Metz, Limoges, and Bordeaux; 0*710 at Copenhagen, 
Erfurt, Wurzburg, Lyons, Mezieres, in Guyenne, and at 
Oteron; 0*622 at Spydberga in Norway, Stockholm, 
Berlin, Vienna, Mannheim, Geneva, and Vienne ; 0*533 at 
Sagan, Prague, Eatisbon, on Mount St. Gothard, and at 
Montpellier ; 0*444 at Marseilles and Montlouis ; 0355 
at Buda and Padua ; and 0*267 at St. Petersburg, Mafra, 
Bologna, and Eome. 

It will be seen from this that the barometer was lowest 
in England and Holland, and this depression decreased 

M 
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gradually as the point of observation approached Italy. 
This fact seems to show that the phenomena were, in all 
probability, independent of each other. 

If simultaneous observations, like those quoted, are 
sufficient to prove that the simultaneous occurrence of 
two phenomena, between which a connection has been 
supposed to exist, is really only a casual coincidence, 
inasmuch as the facts are entirely independent of each 
other, we may naturally expect that, by submitting such 
observations to a careful examination, we shall be able to 
arrive at the true cause of the phenomena. 

On Christmas Eve, 1821, after a long continuance of 
stormy weather, the barometer in Europe sank to so 
low a level, that the attention of all meteorologists was 
attracted to the circumstance. Brandes accordingly pub- 
lished a request in the scientific journals that all the 
observations which had been made at the time might 
be forwarded to him, and embodied the results of his 
investigation in his 'Physical Dissertation on Sudden 
Changes which have been observed in Atmospherical Pres- 
sure.'* He arrived at the conclusion that an unknown 
cause f of diminution of pressure passed over the earth 
at that time, and that the air flowed in from all sides to 
the" point where the pressure was least. Accordingly, the 
storm which had resulted had been centripetal (' vergere 

* Dissertatio Physica de repentinis Variationibus in Pressione Atmosphara 
observatis (Physical Dissertation on the sudden Variations which have 
been observed in the Pressure of the Atmosphere). 4to. 1826. 

t Qua autetn causa fuerit pressionis tarn valde imminutce, utrum aer prope 
Mora maris Atlantici omnino e medio sublatus fuerit, utrum oceani fauces ape- 
ruerint ut aerem haurirent, an imbres, fulminumvi excitati, massam ejus immi- 
nuerintf nemo est, qui dicere possit, (But there is no one who can say what 
may have been the cause of so great a diminution of pressure, whether a 
mass of air in the neighbourhood of the coast of the Atlantic entirely disap- 
peared, or whether the jaws of ocean opened to absorb the air, or showers 
produced by electricity, lessened its volume.) 
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procellarum directionem ad idem illud centrum ' [that the 
directions of the storms tended to one and the same 
central point]), and had arisen from an effort of the sur- 
rounding air to restore the equilibrium which had been 
disturbed at a definite point. 

Previous to this, in die year 1820, Brandes had sought 
to establish this view, in his history of the weather for the 
year 1783, by the comparison of several barometrical 
minima similar to the above. Even these examples are 
remarkable for the very slight amount of coincidence 
which they exhibit with his views. One of these storms, 
on the night of the 11th of March, travelled in three 
hours from Naples to Venice, according to the account of 
Toaldo. The distance is 276 Italian miles, which gives 
a velocity of 140 feet per second. In this case a con- 
vergence towards a central point of minimum pressure 
in Switzerland is so unlikely, that Brandes himself was 
obliged to state, that the current of air which was forcing 
its way towards Venice with such extraordinary velocity, 
had generated a kind of whirlwind on a prodigious scale, 
in which the air had flowed from Marseilles to Corsica, in 
order (as he conveniently adds) to join on to the main 
current at that point. Brandes goes on to say, 6 Yet these 
are only suppositions ; but so much is certain, that, as the 
wind was E. at Copenhagen and SE. at Buda, a convergence 
took place almost all round the vortex.' The only confir- 
mation of this is the north wind at Berlin ; so that we 
may, with much greater probability, assume the directions, 
which he has given, as tangents to circles around the 
central point, than as radii towards that point. 

The theory which I had formed for myself relative 
to the mean atmospherical variations, was that they 
owed their origin to the struggle between two currents 
which alternately displaced each other at the point of 
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observation. It was a necessary consequence of this that 
the absolute extremes of these fluctuations must be due to 
the sole predominance of each of these currents. Accord- 
ingly a barometrical minimum must be a phenomenon of 
the southern current : if it be observed simultaneously at 
several stations, it represents the southern current itself : 
locally considered, it appears as a stormy passage through 
the minimum of the wind-rose. If both of these concur 
together, there must be a cyclone travelling in the direction 
of the southern current, i. e. from SW. towards NE. 
In order to establish this view, I submitted to a fresh 
examination the observations which had been collected 
by Brandes and others, and proved, in a paper on ' Baro- 
metrical Minimums,' published in the year 1828, in 
PoggendorfTs Annalen (vol. xiii. p. 596), that all the facts 
might be simply explained on the assumption that one or 
more whirlwinds of large dimensions had travelled from 
SW. towards NE. I remarked at the same time that in 
most of the hurricanes of the southern hemisphere which 
I had examined, I had found the rotation of the whirlwind 
to be in the opposite direction to that observed in the 
northern hemisphere. The instance which I investigated 
at that time affords a perfect confutation of the theory of 
convergence to a centre, and I shall therefore repeat here 
the most important of the quantitative results which I 
obtained. 

The following was the depression of the barometer 
below its mean level at each station, in inches : — 



6 p.m., December 25. 



Brest. . . 
Helston "I 
Nantes J * 
Gosport . . 
London "j 
Haarlem > . 
Paris J 



1-954 
1-687 
1-509 

1-332 



Dieppe , 

Strasburg * 

Geneva 

Bremen 

Zurich 

Gottingen 

Bergen 



1-465 
0-977 



0-888 



Joyeuse 1 
Augsburg J 
Ratisbon "I 
Leipzic J 
Prague 1 
Breslau 
Christiania I 



0-799 
0-710 

0-621 
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Wurzburg 

Peissenberg 

Cracow 

Apenrade 

Abo 



rg . 

} 



6 p.m., Decshbbb 25 — continued. 
0*444 
0-266 



0-755 Turin \ 
0-666 Modena J 

Tilsit \ 

0-577 St. Petersburg/ 



Florence . 
Rome . . 
Molfetta "I 
Archangel J 



0-293 
0133 

0089 



London . 
Dieppe . 
Gosportl 
Boston J 
Helston . 
Paris. . 
Haarlem 



1-954 
1-909 

1-776 

1-687 
1-643 
1-598 



Kinfaun's Castle 1*554 
Strasburg . . 1*465 
Ratisbon "1 
Cologne I . 1-243 
Gottingen J 



3 a.m., Dbcbmbeb 25. 

Heidelberg . . 1-332 
Geneva ") 
Zurich I 



Augsburg > 
Berlin I 
Bergen J 
Joyeuse 
Ratisbon ") 
Gotha 1 
Leipzic J 
Prague "I 
Breslau J ' 



1154 

1-110 
1066 

0*977 



Turin . . 
Milan 1 
Cracow J 
Chrietiania 
Abo . . . 
Florence "| 
Rome > 
Tilsit J 
Molfetta . 
St. Petersburg 
Archangel . 



0-799 

0-710 

0-666 
0*533 

0'444 

0-266 
0*222 
0111 



10 a.m., December 25. 



Middelburg, 
Gosport . 
Haarlem 
London . 
Helston . 
Dieppe "| 
Gottingen I 
Bremen J 
Paris I 
Strasburg I 
Bergen J 



London . . 
Helston 1 
Apenrade J 
Haarlem "I 
Bergen J ' 
Bremen . 



2042 
1-865 
1-820 
1-598 
1-509 

1-420 



1-509 
1-465 



1-421 
1-332 



Dieppe "1 
Gottingen > . 1'! 
Dantzic J 



243 



Heidelberg 1 

Gotha I 

Leipzic J 

Zurich 

Augsburg 

Vienna 

Prague 

Breslau 

Joyeuse 

Innspruck J 



1-243 

1154 

1110 
1-066 

8 p.m. December 25. 






Paris "I 

Gotha 1 

Breslau | 
Christiania J 
Strasburg 1 
Berlin 
Cracow 
Turin 
Zurich 
Augsburg a 



1154 



1065 



0-977 



Cracow \ 
Dantzic J * * 


1021 


Padua . . . 


0-977 


Christiania . 


. 0-843 


Florence . . 


. 0-710 


Tilsit . . . 


. 0-621 


Rome I 




Molfetta 1. . 


. 0-533 


Abo J 




St. Petersburg 


0266 


Archangel . . 


. 0111 


Padua . . . 


. 0*932 


Peissenberg 1 
Prague J 


0-888 


Tilsit . . . 


. 0-799 


Florence . . 


. 0-710 


Molfetta . , 


. 0-621 


St. Petersburg 


. 0-355 


Archangel . , 


. 0111 



If Brandes, in this case, talks of an absolute disap- 
pearance of a definite mass of air, and Meissner, in 
speaking of the barometrical maximum of the 7th of 
February, 1821, supposes that air was developed in 
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considerable quantity at some undiscovered point, we 
may confute both these theories by the consideration 
that for every barometrical maximum there is a corre- 
sponding minimum in an adjacent district, and vice vers&. 
Thus, on the 22nd of January, 1850, the barometer at 
Konigsberg reached its maximum height (0*888 in. 
above the mean for the month), and on the same day 
a barometrical minimum (0*736 in. below its mean 
level at North Salem) was observed in the states of New 
York and Ehode Island. The minimum (1/794 in. 
below the mean level) at Christiania, oh the 6th of Fe- 
bruary, 1850, was accompanied by a maximum (0*834 in. 
above the mean) at Cambridge, near Boston (TJ. S.), 
and the minimum (1*660 in. below the mean) at Upsala, 
on the 1st of January, 1855, by a corresponding maximum 
(0*382 in. above the mean) at Lisbon. These instances 
will be treated of subsequently. 

The theory of absorption receives no confirmation from 
the observed directions of the wind. 

If a convergence towards such a point were to take 
place, we should find that equilibrium would exist between 
the particles of air along a line of equal diminution of 
pressure, and the paths of the wind would be, on the 
whole, normals to this line. On the hypothesis that the 
phenomena are the results of a rotatory motion, the paths 
of the wind will correspond with the lines of equal dimi- 
nution of pressure, and consequently be at right angles to 
the directions given by the absorption theory. 

The observations which have been cited show that the 
minimum travelled from the coast of Prance towards the 
south-west point of Norway, pretty nearly from Brest to 
Cape Lindenaes. We must ascertain accordingly how the 
directions of the wind are related to this minimum, which 
is moving as has been described ; whether they converge 
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towards it, or are tangential to circles which have the 
point of minimum pressure as their common centre, and 
advance with it gradually. The simplest test of this is to 
lay down on four maps the position of the minimum at 
the four periods quoted (viz. : 6 P. M. on the 24th, and 
3 a. M., 10 a. M., and 8 p. m., on the 25th of December), 
and then mark on these maps the directions of the wind 
which were observed simultaneously at the several stations. 
If we find that the arrows thus marked on the maps re- 
present tangents to concentrical circles, we may assume, 
conversely, that the circles actually existed, and then 
compare the directions obtained on that hypothesis with 
those given by the observations. 

The path of the minimum is from Brest to Cape 
Lindenaes ; so that we .shall find France, Italy, Germany, 
Denmark, and Eussia on the south-east side of the path 
of the storm ; Ireland, Scotland, and Iceland on the 
north-west side ; and England nearly in the centre. 

If there were a centripetal convergence, the passage of 
the storm, at a station situated to the south-east of the 
path, will produce a 
rotation of the vane 
in a regular succession 
from ENR, through 
E.,ESK,SE.,SSK,S., 
towards SSW. ; and its 
passage, at a station 
situated to the north- 
west of the path, from 
NNE., through K, 
NNW., NW., WNW., 
W., towards WSW. 

If the storm be a cyclone, revolving in a direction 
opposite to that of the hands of a watch, the wind will 
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shift on the south-east side, from SSR, through S., SSW., 
SW., WSW., W., towards WNW., and on the north- 
west side, from ESE., 
through E.,ENE.,NR, 
NNR, N., towards 
NNW. 

At the stations situ- 
ated on the path of 
the storm, the wind 
will shift suddenly 
from NE. to SW., ac- 
cording to the first 
theory; from SE. to 
NW., according to the 
. second. 
According to each of these views, we should expect 
to find a shift of the wind with the sun on the south- 
east, and against the sun on the north-west, side of the 
path of the storm; and in each case there would be 
a lull in the centre succeeded by a sudden shift of the 
wind into the opposite quarter. The difference between 
the two would be, that the commencement and end of 
the rotation would be fully 90 degrees distant, in the one 
case, from what they would be in the other. 

All the observations quoted in the paper which has 
been referred to, confirm the second theory completely, 
and as completely confute the first. The shift of wind 
did not in any instance commence with NNE., N., or 
NNW., and end with WSW., W., or WNW. ; but, instead, 
it everywhere commenced with ESE. and SE., and ended 
with SW. and W. This was universally true for Germany, 
Italy, Denmark, and Eussia/ In England the wind was R, 
not N., before the minimum. In France it was in general 
SW. In Iceland it was first NE., then N., precisely the 
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direction which would be expected, at this distant station, 
on the hypothesis of a rotatory motion. 

In my account of the storm which first appeared in 
the year 1828, in the thirteenth volume of Poggendorff's 
Annals, in which my object was to give the purely 
empirical statement of the facts, unmodified by any 
theoretical considerations, and in my 'Meteorological 
Investigations' (1837), I have represented the directions 
of the wind by feathered arrows, the shift of the wind 
by plain ones. Before the occurrence of the minimum 
the shift of the wind, at all stations situated along a line 
perpendicular to the path of the storm, was from SE. 
towards SW. ; at the time of the minimum the wind 
was SW. ; after the minimum the shift was from SW. to 
NW. In the north-west corner of the diagram an arrow 
directed from NE. to SW. gives what I call the 'probable 
direction of the current in North America.' If these be 
changed for tangents to the circle, we obtain on the right 
side SW. before the minimum, NW. after it ; and on the 
left-hand side, SE. before, NE. after the minimum. This 
indicates a cyclone revolving in the direction S.E.N. W., 
opposite to that of the hands of a watch. According to the 
practice which has now become general, I have substituted 
for this purely empirical representation the actual circle. 

I have represented on Chart I. this cyclone, from the 
beginning to the end of its progress, as traced by the 
observations, in order to facilitate the comparison of the 
observations with the theoretical assumption. At the places 
where the cyclone impinged on the mountains of Spain 
and on the Alps, I have assumed these points as centres 
of new cyclones. The results of the observations give, as 
the direction of the wind — 

1. On the north-west side of the storm. 
Naes in Iceland, NE., N. 
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2. Near its centre. 
Helston, E., minimum W. 
London, SE., min. NW. 

Owen's Kow, near Islington, SE., min. NW. 
Cambridge, SE., min. W„ 
New Malton, storm from south. 

3. On the south-east side of the storm. 
Boulogne-sur-Mer, SSE., S., ENE., min. WNW, 
Paris, S., min. WSW. 

Joyeuse, a storm from south, min. S. 

Nismes, S., min. SW., NW. 

Vivarais, SE., min. SE. 

Strasburg, SE., E., S. min. 

Haarlem, SE., ESE., SSE., min. SSW., SW. 

Schwelm, S., min. SW. 

Cologne, SSE., SE., min. S., WSW., SW. 

Coblentz, SW., min. S., SW. 

Salzuflen, SE., min. S. 

Wetzlar, SSE., min. SSW., SW. 

Minden, SE., min. S. 

Carlsruhe, S., min. SW. 

Grottingen, SE., SSE., min. SW. 

Eatisbon, E., SE. min. 

Augsburg, SW., min. W. 

Quedlinburg, E., min. SW. 

Zellerfeld, S., min. W. 

Leipzic, SW., min. S. 

Zschoppau, min., with SW. 

Annaberg, SE., min. SW., W, 

Prague, W., min. SW., W. 

Breslau, SW., min. S. 

Leobschutz, S. 

Dantzic, S., min. S. 

Konigsberg, SE., min. W. 

Tilsit, SW., SE., min. W. 

St. Petersburg, SE., E., SE., SSE., min. 

Archangel, SE., min. S. 



disturbing influence of 
mountains lying to the 
south. 
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Geneva, SE., min. 
Zurich, E., min. SE., W. 
St. Gall, SE., SSE., min. SE. 

4. Modified cyclones on the southern slopes of the 
Alps. 

Turin, W., SW., min. E., NE. 
Milan, W., SW., min. W., SE. 
Pavia, SE., min. SW. 
Modena, SE., min. SW., W. 
Padua, W., S., min. N. 
Florence, S., SSW., min. SW. 
Kome, SSE., S., min. SSE., S., SSW. 
Molfetta, SE., S., min. SSW. 

This was the first instance that I investigated, and in it 
all the continental stations lay on the south-east side of the 
path of the storm in its passage from SW. to NE. At 
that time I did not know of the observations at Naes, in 
Iceland, so that I was obliged to state that the NE. wind 
in North America, which resulted from my theoretical 
considerations, was only a 'probable' direction. Soon 
afterwards, I myself observed, at Konigsberg, a retrograde 
rotation. This is alluded to in the paper to which I have 
referred, in which (p. 613) I say, 'After a minimum 
of 28-987 in., on the 1st of November, 1827, the wind 
on the 2nd and 3rd shifted, while the barometer rose, 
through E. towards NE. On the same day there was a 
northerly storm in the German Ocean, which might have 
been foretold from the fact of the exceptional rotation 
here (i. e. at Konigsberg).' 

Both the theories which have been contrasted with 
each other above, have been defended with great vigour 
of late years. On the one side, Mr. Eedfield, after a very 
careful investigation of the phenomena which accompany 
the storms which are so frequent on the coasts of the 
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United States, has arrived at precisely the same conclusions 
as I did for Europe ; on the other, a champion has come 
forward to defend the view propounded by Brandes, in 
the person of Mr. Espy of Philadelphia. The tornado of 
the 19th of June, 1835, in New Brunswick, led Mr. Espy 
to assume the existence of centripetal storms. After this 
storm Messrs. Bache* and Espy examined the directions 
in which the trees lay which had been blown down in a 
wood over which it had passed, and found that all lay 
with their tops pointing to one central point. Those on 
the west had fallen eastwards ; on the north, southwards ; 
on the east, westwards; and on the south, northwards. 
In contradistinction to these statements, Lewis Back, an 
eye-witness of the storm, maintains that it was an 
unmistakable whirlwind; and asserts, that it would be 
impossible to deny this, if the observer had not been 
prejudiced in favour of some preconceived theoretical 
explanation. Piddingtonf denies the possibility of forming 
a correct judgement on the direction of the wind on land, 
unless in great plains, or on low islands. In his Hornbook 
(p. 25) he says, 'It seems to me, speaking as a sailor, sheer 
nonsense to discuss the question of how the wind blows, 
inland, in reference to any theory which must depend 
upon the direction of winds for short periods and in 
storms.' According to Mr. Espy, the cause of the con- 
vergence of the currents to a centre is the latent heat 
which is set free by the condensation of aqueous vapour 
into a cloud, by means of which the air in which that 
vapour had been suspended is dilated six times as much 



* l Notes and Diagrams illustrative of the Directions of the Forces acting 
at and near the Surface of the Earth in different parts of the Brunswick 
Tornado of June 19, 1835.' 

t Piddington, ( Sailors' Hornhook for the Law of Storms.' 8vo. 3rd edit. 
London : Williams & Norgate, 1860. 
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as it loses in volume by the condensation of the vapour. 
According to this idea, the air ascends with a velocity of 
364 feet per second, and at the level at which the hail 
clouds he, it still exerts a pressure of 120 lbs. per square 
foot. Such a force as this would be sufficient to lift a 
cubical block of ice, measuring 18 inches each way, or 
even to carry up an elephant.* Mr. Espy has explained 
his views more fully in works published in 1841 f and 
1857$, to which I must refer the reader. Those of 
Mr. Eedfield's papers which have reached me are the 
following : — 

'Remarks on the prevailing Storms of the Atlantic Coast. 
Silliman, Americ. Journ. 20, No. 1.' — < Hurricane of August 
1831. (To the Editor of the Journal of Commerce.)' « Obser- 
vations on the Hurricanes and Storms of the West Indies and 
the Coast of the United States (Blunt's American Coast Pilot, 
12th edit.)' — 'On the Gales and Hurricanes of the Western 
Atlantic. Sill. Journ. 31, No. 1.' — ' Meteorological Sketches 
by an Observer. Sill. Journ. 33, No. 1.' — 'Remarks on Mr. 
Espy's Theory of Centripetal Storms, including a Refutation of 
his Positions relative to the Storm of September 3, 1821 ; with 
some Notices of the Fallacies which appear in his Examinations 
of other Storms (Journ. of the Franklin Institute).' — < On the 
Courses of Hurricanes, with Notices of the Typhoons of the 
China Sea, and other Storms. Sill. Journ. 35, Nov.' — 'Thfe 

Law of Storms. New York Observer, January 18, 1840.' 

' Whirlwinds excited by Fires, with farther Notices of the Ty- 
phoons of the China Sea. Sill. Journ. 36, No. 1.' — < On Whirl- 
wind Storms, with Eeplies to the Objections and Strictures of 
Dr. Hare. New York, 1842, 8vo.,65 pp.'— ' Notice of Dr. Hare's 

* € Theory of Rain, Hail, and Snow, Water-spouts, Land-spouts, Variable 
Winds, and Barometric Fluctuations.' Philadelphia, 1836, 8vo. And, 
( Examination of Hutton's, Redfield's, and Olmsted's Theories. ' 

t l The Philosophy of Storms.' London, 1841, 8vo. 

% ' Message from the President of the United States communicating the 
Fourth Meteorological Report.' Washington, 1857, 4 to. 
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" Strictures on Prof. Dove's Essay on the Law of Storms." (In 
reply to Kobert Hare's " Objections to Mr. Eedfield's Theory of 
Storms, and Strictures on Prof. Dove's Essay on the Law of 
Storms.")' — 'On the First Hurricane of September 1853 in 
the Atlantic, with a Chart, and Notices of other Storms.' — « On 
Three several Hurricanes of the Atlantic, and their Eelations to 
the Northern of Mexico and Central America ; with Notices of 
other Storms. New Haven, 1846, 118 pp.' — < Observations 
relative to the Cyclones of the Western Pacific, 1857.' 

A complete list of Eedfield's works may be found in 
Olmsted's ' Address on the Scientific Life and Labours of 
William C. Eedfield.' New Haven, 1857, 8vo. 

The materials which were collected with such care by 
Mr. Eedfield have been considerably increased by the 
publication of a magnificent work* on the subject by the 
late Major-General Eeid, who was at the time Governor 
of Bermuda. This author has arrived at exactly the 
same results as Mr. Eedfield. They have come to these 
conclusions, entirely independently of my previous 
publications, as I have ascertained by personal commu- 
nication with them. The works of Eedfield and Eeid, 
in addition to the further confirmation of the theory of 
rotatory motion, contain some very important observa- 
tions, and the credit of establishing these is due to them 
alone. The most important of these discoveries, that of 
the motion of the cyclone within the torrid zone from 
SE. towards NW., before its change of path at the 
outside limit of the Trade- wind, is due to Mr. Eedfield 

* ( An Attempt to develope the Law of Storms by means of Facts arranged 
according to Place and Time, and hence to point out a Cause for the Variable 
Winds, with the view to practical use in Navigation. ' IUustrated by Charts 
and Woodcuts. London, 1838, 8vo.— l Wffliam Reid. The Progress of the 
Developement of the Law of Storms and of the Variable Winds, with the 
practical application of the subject to Navigation/ London, 1849, 8vo. 
424 pp. 
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alone. In fact, the position of an observer in America is 
particularly favourable for the solution of this part of 
the problem, inasmuch as the hurricanes which sweep 
the coasts of the United States traverse, in the tropical 
portion of their course, the West Indian Islands, where 
their extraordinary character has given rise to the title, 
'West India Hurricanes.' In the case of the cyclones 
which are felt in Central Europe, it is rarely possible to 
trace the tropical portion of the course. This gives us a 
satisfactory proof that we shall avoid one-sided views of 
natural phenomena, the greater be the area over which our 
observations are extended. As, in the science of astronomy, 
the geographical latitude of ah observatory exercises an 
important influence on the problems to be solved there, 
so, in the science of meteorology, it is equally important 
to know the position of the station at which the solution 
of a problem has been undertaken. I shall now seek to 
compare the observations of Eedfield and Eeid with the 
theory of a rotatory motion. When I published my first 
papers on the winds, I was disposed to refer the Law of 
Gyration as well as the rotatory motion of storms to the 
mutual interference of two currents of air which alter- 
nately displaced each other in a lateral direction. A 
closer examination of the phenomena showed me that the 
Law of Gyration depended on more general principles, 
and that it was a simple and necessary consequence of 
the motion of the earth on its axis.* This generalization 
of the principle of Hadley's Trade-wind theory explained 
perfectly all the rules which had been ascertained for the 
non-periodical fluctuations of the instruments, and enabled 
us to foretell what they would be in the southern hemi- 

' * Ueber den Einflms der Drehung der Erde auf die Stromungen ihrer 
Atmosphare. (On the Influence of the Rotation of the Earth on the Cur- 
rents of its Atmosphere.) Pogg. Ann. xxxvi. p. 321, 1835. 
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sphere. It did not, however, explain the rotatory motion 
of storms, to which idea I had originally allowed too 
great an extension, in the introduction to my first investi- 
gations (Pogg. Ann. xiii. p. 597), where I said, * That, in 
general, all storms are rotatory is an ascertained fact 
which will be confirmed by every seaman.' I fell into 
an error, which few of those who have investigated 
storms have escaped, which consisted in referring all the 
rotations of the vane which may be observed, to cyclonical 
movements. I was, accordingly, compelled to retain my 
former theoretical explanation, in my 'Meteorological 
Investigations ' (1837), in which work I combined into a 
whole all the papers which I had published up to that 
time. The reason of this was, that the empirical facts 
had received entire confirmation, while their connexion 
with the principle of the general theory was by no means 
so evident. It was not until later* that I was able to 
supply this deficiency, by proving that a cyclonical 
movement was produced whenever the interposition of 
any obstacle interfered with the regular change in the 
direction of the wind, which is due to the rotation of the 
earth, and consequently interfered with the regular rota- 
tion of the vane at any station. From the investigations 
of Eedfield and Eeid we ascertain the following facts. 

1. The storms which arise in the torrid zone, preserve 
the original direction of their progression (viz., from SE. 
to NW.) unchanged, as long as they continue within that 
zone ; but as soon as they enter the temperate zone they 
turn and move from SW. to NR, almost at right angles 
to their former path. The corresponding storms in the 
southern hemisphere, which move from NE. to SW. be- 
tween the tropics, undergo a change of direction, analo- 

* i Reports of the Royal Academy of Sciences of Berlin/ 1840, p. 232. 
Pogg. Ann. lii. p. 1. 
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gous to that above described, on their entrance into the 
temperate zone, and move from NW. to SE. 

2. The diameter of the cyclone, which increases very 
slowly within the torrid zone, increases to a remark- 
able extent as soon as the change of direction takes 
place. 

chart n. 

Two charts, 
which have been 
borrowed from 
General Keid's 
work, and re- 
duced in scale, 
will serve as in- 
stances of the en- 
tire phenomenon 
as presented in 
each hemisphere. 
They represent 
the West India 
hurricane of the 
middle of August 
1837 (Chart II), 
and the Mauritius 
storm of March 
1809 (Chart ni.). 




CHART in. 
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In order to exhibit the course of the storms by means 
of numerous examples, we have added to these a chart 
constructed by Kedfield, which gives the course of several 
of these storms (Chart IV.). 

Two of these storms were confined to the torrid 
zone, and consequently preserved a straight course. 
One of these was on June 23, 1831, and advanced 
from Trinidad, by Tobago, Grenada, and the middle of 
Yucatan, to the neighbourhood of Vera Cruz. The other 
was on August 12, 1835, and passed from Antigua, 
by Nevis, St. Thomas, St. Croix, Porto Eico, Hayti, and 
Matanzas in Cuba, to Texas. 

Eight of the storms travelled outside the limits of the 
torrid zone, and their course was as follows : — 

That which devastated Barbadoes on the night of 
August 10, 1831, reached Porto Eico on the 12th, Aux 
Cayes and Santiago de Cuba on the 13th, Matanzas on 
the 14th, the Tortugas on the 15th, the Gulf of Mexico 
on the 16th, and lastly, Mobile, Pensacola, and "New 
Orleans on the 17th ; so that it traversed a space of 2,000 
nautical miles in about 150 hours, and consequently 
travelled with a velocity of 13 J miles per hour. Its 
direction between the tropics was N. 64° W. 

The storm which commenced in the neighbourhood of 
Martinique on August 17, 1827, reached St. Martin 
and St. Thomas on the 18th, passed to the north-east of 
Hayti on the 19th, reached Turk Islands on the 20th, the 
Bahamas on the 21st and 22nd, the coast of Florida and 
South Carolina on the 23rd and 24th, Cape Hatteras on 
the 25th, Delaware on the 26th, Nantucket on the 27th, 
Sable Island and Porpoise bank on the 28th : and thus 
travelled 3,000 nautical miles in eleven days. Its direc- 
tion within the tropics was N. 61° W. ; and, on the other 
hand,inlat.«40°, N. 58° E. 
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The storm which commenced in the neighbourhood 
of Guadeloupe on December 3, 1804, reached the 
Virgin Islands and Porto Eico on the 4th, Turk Islands 
on the 5th, the Bahamas and the Gulf of Florida on the 
6th, the coast of Georgia, South and North Carolina, on 
the 7th, Chesapeake Bay, the mouth of the Delaware, and 
the circumjacent states of Virginia, Maryland, and New 
Jersey, on the 8th, Massachusetts, New Hampshire, and 
Maine on the 9th. It moved with considerable velocity, 
as iirits curvilinear course from the Leeward Islands it 
travelled 2,200 nautical miles in six days, and conse- 
quently advanced at the rate of 15| nautical miles per 
hour, 

* The storm which swept close by the Leeward Islands 
in August 1830, reached St. Thomas dn the 12th, was in 
the neighbourhood of Turk Islands on the 13th, at the 
Bahamas on the 14th, at the Gulf and on the coast of 
Florida on the 15th, along the coast of Georgia and the 
Carolinas on the 16th, on the 17th on those of Vir- 
ginia, Maryland, New Jersey, and New York, on the 18th 
at George's bank and Cape Sable, and on the 19th at the 
Porpoise bank and on that of Newfoundland ; its progress 
was, therefore, at the rate of 18 nautical miles per hour. 
If we now assume the real velocity of the wind, in its 
whirling motion, to be five times greater than that with 
which the cyclone travels, we find a motion of the air 
through 18,000 nautical miles in seven days. 

The most easterly storm was that of September 29, 
1830. It commenced to the north of Barbadoes, in 
the 20th degree of latitude, recurved towards the north 
in 68° W. longitude and 30° N. latitude, and passed to 
the westward of the Bermudas on towards the east end of 
the bank of Newfoundland, which it reached on October 2. 

A very violent storm, of much smaller dimensions, was 

x 2 
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that which commenced at Turk Islands on September 1, 
1821, was to the north of the Bahamas on the 2nd, on 
the coast of the Carolinas early on the 3rd, and then 
at a later hour on the same day on the coast of New 
York and Long Island, while on the following night 
it swept over the states of Connecticut, Massachusetts, 
New Hampshire, and Maine, thus traversing 1,800 nau- 
tical miles in 60 hours. Its mean velocity consequently 
amounted to 30 nautical miles per hour. 

The storm of September 28, 1838 had an altogether 
similar character to the last. On the contrary, that 
of the 22nd August progressed very slowly. It com- 
menced to the north of Porto Eico, in 22° N. latitude, and 
advancing in a direction parallel to the coast of North - 
America, did not reach the bank of Newfoundland until 
the 27th. 

At times the storm does not reach its fall intensity 
until it enters the temperate zone, and in this case in 
particular, we can obtain accurate information about 
this part of its course. The storm of November 10, 
1835, was of this character, it was the most northerly of 
all, and passed over Lake Erie and Lake Ontario to Prince 
Edward's Island in the Gulf of St. Lawrence.* 

* Inasmuch as the direction in which the cyclone as a whole moves is 
quite distinct from that in which the wind, in its rotatory motion at any 
place, blows, it is easy to see that mere local observations may lead a person 
to most incorrect conclusions. Thus, Raynal, in his Histoire Philosophique et 
Politique des Deux Indes (Philosophical and Political History of the Two 
Indies), vol. v. p. 72, says that the most accurate observers had arrived at 
the conclusion that the storms which from time to time devastated the 
West India Islands could only have come from the NW., and reasons 
accordingly that they must have come from the mountains of Santa Martha. 
The fact is, that the direction described merely indicates that these islands 
lie on the south side of cyclones which pass by from E. to W., rotating in a 
direction opposite to that of the hands of a watch, and is in accordance with 
the observations quoted above. On the title-page of the sixth volume of 
this work there is a spirited sketch of a West India hurricane. 
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It has further been observed that in general the velocity 
of progression of the centre increases as soon as the storm 
changes its course at the edge of the torrid zone. The 
reason for this will be assigned when we come to the 
theoretical consideration of the origin of the storms. Thus 
the storm of August 30, 1853, travelled 7,276 English 
miles in about 12 days, a distance which gives a mean 
velocity of progression of 26 miles an hour; and after 
it passed by the baink of Newfoundland the velocity 
increased to 50 miles an hour. 

As regards the periods at which these storms are most 
prevalent, Poey ('A Chronological Table of Cyclonic 
Hurricanes which have occurred in the West Indies and in 
the North Atlantic from 1493 to 1 855 '*) finds the follow- 
ing proportions out of 365 storms : — 



No. of Storms 


No. of Storms 


January 


. 6 


In July . 


. 42 


February 


. 7 


August 


. 96 


March 


. 11 


September . 


. 80 


April . 


. 6 


October 


. 69 


May . 


. 5 


November . 


• 17 


June . 


. 10 


December . 


. 7 



From this it is evident that they are most frequent in 
August and September. 

I find in the ' Bombay Times' of November 28, 1854, 
the following table of the distribution throughout the 
various months of 85 storms, which were observed be- 
tween the equator and lat. 34° N. : — 



January . . 


. 1 


May. . . 


. 14 


September . 


. 11 


February - 


. 2 


June . . 


. 6 


October . . 


• 17 


March ~. . 


. 4 


July. . . 


. 3 


November . 


. 11 


April. „ . 


. 9 


August . . 


. 5 


December . 


. 5 



This shows us that the maxima occur during the months 

* This work contains a very perfect list of the literature of cyclones, 
under the title/ A Bibliographical List of 450 Authors, Books, and Periodi- 
cals, where some Interesting Accounts may be found, especially on the West; 
• and East India Hurricanes/ 
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in which the Monsoons change, and that the absolute 
maximum is observed at the change from the SW. to the 
NE. Monsoon. 

As regards the velocity of progression, it appears that 
this is occasionally so slight in the case of the Typhoons,, 
that Capper * seems to have considered them to be 
stationary and not progressive. 

The most remarkable instance of slow rate of motion 
of a cyclone is given by Piddington in the 13 th * Memoir 
with reference to the Law of Storms, being the " Charles 
Heddles " storm of the Mauritius from the 22nd to the 
27th of February 1845.' The progressive motion during 
each of these five days respectively was 70,' 100, 115, 89, 
85 English miles. This gives an average motion of 92 
miles per day, or 3*8 per hour ; while the ship itself, at a dis- 
tance of about 50 miles from the centre, was carried round 
and round the cyclone in such a manner that she sailed 
1,300 miles, and yet found herself after the five days at 
a distance of only 354 miles from the port from which 
she had started, as the storm had made five complete 
revolutions with her. This is, as Piddington says, a sort 
of sea-romance, or, to speak like a good Mussulman, it 
is something which might have happened, if it had so 
pleased the Prophet. 

In the year 1840 I published f an attempt to explain 
the origin of these phenomena, which is as follows : — 

Let a b represent a series of material points, in the 
northern hemisphere, parallel to the equator, which are 
set in motion, by any cause, towards the pole in the 
direction a c. If the space d b h were a vacuum, these 
points would move to the position g A, inasmuch as they 

.* Observations on the Winds and Monsoons. London, 1801. 
t Berichte der Berliner Akademie. (Reports of the Academy of Berlin.) 
1840, p. 232. Pogg. Ann. lii. p. 1. 
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travel from greater to smaller circles of latitude. If, 
however, the space d b h contain air which has not been 
set in motion in the 

same direction, the par- c . ? • £ 2_ * 

tides at b in their motion 
towards d will constantly 
be brought into contact, 
in that space, with par- 
ticles of air which are 
rotating with a less 

velocity than they are themselves, and, consequently, 
their velocity of progression towards the east will be 
diminished. For this reason the point b will move to/, 
instead of to h. The particles at a are differently circum- 
stanced, as they are in contact, in the direction of b, with 
particles which possessed originally a velocity of rotation 
equal to their own, and, accordingly, their motion takes 
place as if in vacuo : i.e. they move towards g. It follows 
from this that if a b be a mass of air travelling from south 
to north, the direction of the motion of the air on the 
eastern side of the mass will be much more nearly that of a 
south wind, than that of the air on the western side, where 
it is more of a west wind, and the effect of this difference 
will be to generate a tendency to a cyclonical movement 
in the direction S., K, N., W. Such a tendency as this 
could not exist if the space d b h did not contain a resist- 
ing medium, and will therefore increase in proportion as 
this resistance interferes with the force which ought to 
deflect the wind towards the west point. Hence the 
storm will rotate with greater velocity the less the path 
along which it travels varies from the original direction 
in which the motion took place (i.e. towards c.) In the 
zone of the Trade- winds the space d b his filled with air, 
which is moving from NE. towards SW. In this case ths 
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greatest resistance which is possible will be presented to 
the motion of the mass a 6, and it will become possible that 
the particles at b should be prevented to such an extent 
from taking the direction of a west wind, that they will 
actually move towards d, while particles at a tend to move 
towards g. Accordingly, in this district, the violence of 
the rotatory motion will be greatest, but the cyclone will 
advance in a straight line, and its diameter will not increase. 
As soon as such a storm enters the temperate zone the 
circumstances are altered, the space d b his filled with 
air which is already in motion from SW. towards NE. 
The resistance which had been experienced by the particles 
at b, either undergoes a sudden and considerable diminu- 
tion, or else disappears entirely : the direction of motion 
along the line b d is changed for one along b A, so that 
the path of the cyclone changes so as to be nearly at right 
angles to its former course ; and its diameter increases 
rapidly, owing to the disappearance of the obstacles which 
produced a difference between the motions of the particles 
at a and b respectively. 

The explanation in the case of the southern hemisphere 
follows from the same principles, as may be seen from 
the diagram. The direction of the rotation of the cyclone 

is the reverse of what 
it is in the northern 
hemisphere, and the 
change of the direction 
of the path at the edge 
of the torrid zone is 
analogous. 

The preceding explanation of the origin of the rotatory 
motion is of course only applicable to the cases in which 
large masses of air of considerable lateral extension are set 
in motion : smaller whirlwinds (trombs), waterspouts, &c, 
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arise from other causes, and we may therefore expect that, 
as regards the two hemispheres, their motions will exhibit 
neither conformability to a law, nor a distinct contrast. 
In fact, Gen. Eeid saw, from the Government House at 
Bermuda, a waterspout which was rotating in a direction 
contrary to that of the great cyclones, while Mr. Eedfield 
observed a small tornado which rotated in the same direc- 
tion as the cyclones. The observations of Akin, at Green 
Bush near Albany, of Dwight, at Stockbridge, Mass., and 
of Dr. Cowles, at Amherst, on the violent whirlwinds 
which arise during forest conflagrations when the air has 
been calm, prove that a strongly developed courant 
ascendant is capable of generating a rotatory motion in 
the surrounding air. 

The West India hurricanes arise at the inner edge of 
the zone of Trade-winds, in the so-called Eegion of Calms, 
where the air ascends and flows away in the upper strata 
in the direction opposite to that of the Trade-wind. This 
renders it probable that the primary cause of the cyclones 
is the intrusion of a portion of this upper current into 
that which lies underneath it. The reason that the cyclone, 
in the earlier portion of its course, travels from SE. towards 
NW., may probably be assigned by the following consi- 
deration. According to our theoretical explanation of 
their origin, a direction similar to that described will be 
most favourable to the generation of a cyclonical movement 
If, as may sometimes happen, the first impulse takes place 
in the direction from SW. to NE., the north-east Trade, 
which is blowing in the contrary direction, will offer the 
same amount of resistance to all portions of the line (the 
front of the mass of air) which is advancing, and no ten- 
dency to a cyclonical movement can arise. 

It is well known that, during the eruption of Coseguina 
on January 20, 1835, when the isthmus of Central 
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America was disturbed by earthquakes, volcanic ashes 
were carried by the upper counter-Trade-wind not only 
as far as Kingston in Jamaica, a distance of 800 English 
miles against the direct Trade-wind, but also 700 English 
miles to the westward, where they fell on the ship Conway 
in the Pacific Ocean. This fact proves that, in the higher 
regions of the tropical atmosphere, the air does not always 
move regularly from SW. towards NE., but that the regu- 
larity of this movement is interrupted by currents which 
flow from E. to W. It appears that there is some con- 
nection between these facts and the fall of dust, which has 
come from Africa, in the North Atlantic Ocean, an occur- 
rence which is frequently observed. "We must attempt to 
ascertain the cause of such abnormal currents. 

Their origin is to be found in the tables of barometrical 
fluctuations which have been given (see pp. 54 sqq.). If 
we compare the annual barometrical curves for Hobarton, 
Port Jackson, Cape Town, Eio Janeiro, Santiago, Monte 
Video, and Buenos Ayres with those for Northern Ajsia, 
Eastern Europe, and Hindostan, which are represented on 
pp. 61, 62, we see that the pressure in the southern 
hemisphere increases at the period at which that in the 
northern decreases. The most obvious explanation of this 
would be to suppose the existence of a periodical transfer 
of the air from the one hemisphere to the other. How- 
ever, we find that the mean annual tension of aqueous 
vapour at Barnaoul is 0-191 ins., while at Banjoewangie 
it is 0*897 ins., so that the supposition of an exchange 
would be a tacit assumption that air can be converted 
into water, and vice versd. "We are therefore compelled 
to return to the action of the dry air. A glance at the 
tables (pp. 52 — 60) will show that the aggregation of air 
in the southern hemisphere is insufficient to explain the 
rarefaction on the northern. It is therefore clear that the 
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air must flow away in a lateral direction on this hemi- 
sphere, for aqueous vapour might be condensed during 
the motion of the air away from Asia to the south, 
whereas air can never be got rid of in a similar manner. 
Sitka, in Eussian America, affords a proof that the air does 
really flow from Asia to North America, for at this station 
the pressure of dry air increases from winter to summer. 
This is probably the case in Europe also, as the rare- 
faction in summer is not observed here. We find, how- 
ever, that the rarefaction extends to the North of Africa, 
while the barometer remains at an unusually high level 
at the Canary Islands. The high reading of the barometer 
is also very remarkable throughout the North Atlantic 
Ocean, as may be seen from the subjoined table, repre- 
senting the barometrical conditions of the north-east and 
of the south-east Trade-winds respectively. 

TRADE-WIND ZONE. 





North-East Trade- Wind 


South-Eatt Trade- Wind 




Latitude 


Barometer 


Barometer 


Difference 


60°— 46° 


30060 






46—40 


30-078 






40—36 


30-125 






36—30 


80-211 


30-052 


+ 0159 


30—25 


30160 


30095 


+ 0055 


25—20 . 


30081 


30102 


-0021 


20—16 


30018 


30060 


-0042 


16—10 


29-965 


30028 


-0063 


10—5 


29-923 


29-981 


-0058 


5— 


29-915 


29-941 


-0026 


0°— 35° 


30038 


80037 





Let us now conceive that the air which ascends over 
Asia and Africa flows away laterally in the upper strata 
of the atmosphere ; a fact which is proved evidently by 
the dust which has been observed to fall in the Atlantic 
Ocean, as above alluded to, and which rises to such a 
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height that, according to the observations of Piazzi 
Smyth on the Peak of Teneriffe, at a level of 10,700 feet 
above the sea, it entirely obscures the sun before he sets 
into the stratum of clouds below. Such a current as this 
must have a tendency to interfere with the free passage 
of the upper or counter-trade-wind on its way to the 
tropics, and to force it downwards into the lower or 
direct Trade-wind, and the point where this intrusion 
takes place must advance at the same rate as the upper 
cross-current, which produces it, moves forward from E. 
to W. The interference of a current flowing from E. to 
W.,with another which is flowing from SW. to NE.,must 
necessarily generate a rotatory motion in a direction 
opposite to that of the hands of a watch. According to 
this view, the cyclone which advances from SE. to NW., 
in the under Trade-wind, represents the advancing point 
of contact of two other currents in the upper strata which 
are moving in directions at right angles to each other. 
This is the primary cause of the rotatory motion, and the 
further progress of the cyclone will necessarily follow 
according to the principles already laid down. The 
cyclone, being considered in this sense as the result of 
interference of the currents at different points successively, 
may thus preserve its diameter unchanged for a consider- 
able period, or may even contract in dimensions, although 
the case in which dilatation takes place will be more 
usual. The West Indian Islands are the boundary district 
of two systems of meteorological conditions which offer 
a strong contrast to each other ; characterised respectively 
by the extent to which the periodical variation of pressure 
takes place in the one, and by the absence of this varia- 
tion in the other ; and are therefore especially liable to 
the ravages of cyclones. 

It is, moreover, perfectly clear that, if the above expla- 
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nation of the origin of the cyclonical motion be correct, a 
cyclone which will rotate in the same direction must be 
generated by the interposition of any mechanical obstacle 
in the path of a current which is moving towards high 
northern latitudes, which causes such a current to assume 
a more southerly direction (that of a south wind) on its 
eastern than on its western side, where it still remains 
more nearly westerly. This was the case with the storm 
which occurred in the Bay of Bengal on the 3rd, 4th, and 
5th of June 1839, according to the observations collected 
by Piddington.* This storm was one of those which are 
not uncommon at the change from the north-east to the 
south-west Monsoon, which usually takes place between 
the 15th of May and the 15th of June in the Bay of 
BengaLf It was, during the greater part of its course, a 
wind blowing and advancing in a definite direction (a 
gale, i. e. a strong wind blowing in with tolerable steadiness 
from one quarter of the compass), and • at one point of 
its course became a cyclone (a hurricane, i. e. a violent 
wind blowing in a circle or vortex of greater or less 
diameter).^ It blew (see Chart V.) as a violent SW. 

* ( Researches on the Gale and Hurricane in the Bay of Bengal on the 
3rd, 4th, and 5th of June, 1839, heing a First Memoir with reference to the 
Theory of Storms in India/ Journal of the Asiatic Society of Bengal, 
No. 91, p. 550. Second Part, No. 92, p. 631. 

t According to Brown's observations, the commencement of the south- 
west Monsoon took place at Anjarakandy, on the Malabar coast, from the 
years 1820 to 1833 inclusive, on the 20th, 31st, 31st, 27th May, 15th June, 
21st May, 18th June, 26th May, 5th June, 9th and 26th May, 16th, 2nd, 
and 6th June ; whilst, on the other hand, it set in at Canton, according to 
the ' Canton Register/ in 1830, from the 20th to the 28th April; in 1831, 
from the 7th to the 17th April j in 1832, from the 4th to the 7th April ; in 
1833, from the 9th to the 14th April ; in 1834, from the 3rd April to the 
8th May ; and in 1835, from the 8th to the 21st April. 

% This appears also to be the case with those storms which set in when 
the south-west gives place to the north-east Monsoon. These storms, which 
the Spaniards in the Philippines call t hs temporcUes, 1 are not accompanied 
by rain. The air is then obscured only by the thickly-drifting spray. On 
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Monsoon from the east coast of Ceylon and Masulipatam 
across the Bay of Bengal as far as the mountains of 
Arracan, where it turned at right angles and blew as a 
SE. storm over Calcutta and Benares to Lucknow, Cawn- 
pore, and Agra in the Valley of the Ganges. The cyclone 
arose at the point where the storm turned, close to 
Arracan, in the focus of its parabolic course, as Piddington 
expresses it ; it travelled in a direction from between 
ENE. and E. towards WSW. or W., past the mouths of 
the Ganges, from the Shapooree islands to Vizagapatam, 
Ganjam, Juggernaut, and the mouths of the Mahanuddy 
and Bramnee, and rotated, like the West India hurricanes 
in the direction S., R, N., W. 

This proves that cyclones rotating in the same direction 
as those of the West Indies are produced, under con- 
ditions essentially different, by the mere fact of the motion 
of the mass of air becoming more southerly on its eastern 
side than on its western where it still remains westerly. 
It is possible that the typhoons of the China Seas may 
owe their origin to similar causes. The collective phe- 
nomena of the SW. Monsoon present us with analogous 
conditions. The direction of that current, which is SW. 
in the Indian Ocean and the Bay of Bengal, becomes 
more and more southerly in the China Seas, and it can 
only be decided by more extended observations in that 
district whether this deflection is due to the chain of the 
Philippine Islands, or i§ an immediate consequence of the 
contact of the Monsoons and Trade-wind. Horsburgh* 
says expressly, that along the south coast of China, the 
typhoons between July and September produce a rotation 

the Coromandel coast these storms are called 'the breaking up of the mon- 
soon. ' On the Malabar coast the Portuguese distinguish those which are 
particularly violent by the name of Elephanta, 
* India Directory, ii. p. 233. 
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of the vane from NW., through K, NE., £., SK, S., close 
to the coast, and further out to sea one from N., through 
NW., W., SW., S. This implies, in other words, that they 
are cyclones which rotate in the direction S., R, N., W., and 
travel along the coast, so that the coast feels the northern 
side of the storm, while, at a distance from the coast, the 
southern side is alone experienced. A recent instance of 
such a storm as this is given by the Baleigh Typhoon of 
August 5, 1835, which travelled from the Bashee Islands, 
between Luzon and Formosa towards Macao, in the di- 
rection from ESE. towards WNW., and corresponded in 
every particular to the description given. 

If the cyclones be due to the fact that the direction of 
the SW. Monsoon becomes more southerly on its eastern 
side than on its western, and if, on this account, they 
travel from E. towards W., they ought to be especially 
prevalent in the eastern portion of the Indian Ocean. 
Dampier actually remarks that storms are expected on the 
Coromandel coast in April and September, the months of 
change of the Monsoon, but that they are more frequent 
on the Malabar course during the whole of the west 
Monsoon. 

As regards the track of the typhoons, the following 
general charts have been published on the subject, viz. 
'Piddington. The Southern Indian Ocean, with the 
average Tracks of its Cyclones, mostly from Colonel Eeid, 
Mr. Thorn, and Mr. Bosquet. 1850.'— < The Bay of 
Bengal, and Part of the Arabian Sea, with the Courses of 
their Cyclones from 1800 to 1848.'— < The China and 
Loo Choo Seas, and adjacent Pacific Ocean, with the 
Courses of their Cyclones from 1780 to 1847.' 

These charts, are also to be found in Piddington's work : 
' The Sailor's Hornbook for the Law of Storms, being a 
practical Exposition of the Theory of the Law of Storms, 
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and its Uses to Mariners of all Classes in all Parts of the 
World - : shown by transparent Storm-Cards and useful 
Lessons. London, 8vo. 3rd ed. 1860, 408 pp. Williams 
and Norgate.' 

Piddington has, if I mistake not, published thirty separate 
papers on individual storms. The annexed chart (VI.) 
will be sufficient for our purpose. - The hurridanes of the 
southern hemisphere are specially handled by Thorn in 
4 An Inquiry into the Nature and Course of Storms in the 
Indian Ocean, South of the Equator, for the practical 
Purpose of enabling Ships to ascertain the Proximity 
and relative Position of Hurricanes, with Suggestions 
on the Means of avoiding them. London, 1845, 8vo. 
352 pp.' 

From an examination of these instances the following 
unmistakable conclusions may be drawn: — 

(1.) That the rotation of the cyclone takes place in the 
direction of the hands of a watch, which is opposite to 
that which is observed in the northern hemisphere. 

(2.) That the direction of its path within the torrid 
zone is from NE. towards SW., and that it turns when 
it reaches the Tropic of Capricorn, and advances from 
thence in the direction from NW. towards SE. 

(3.) That the level of the barometer sinks as the 
observer approaches the centre, exactly as in the case of 
the West India hurricanes. 

A very good example of this is afforded by the storm 
which travelled along the Malabar coast in April 1847, 
with a velocity of advance of twelve miles per hour. The 
following tables (p. 193) give the heights of the baro- ■ 
meter in its vicinity on the 17th and 18th of the month. 
During this storm on the 18th, ten inches of rain fell on 
Dodabetta, and twenty-nine inches at Tellicherry. 

While the centre moved up along the Malabar coast 
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the direction of the wind in the Arabian Sea was northerly, 
in the neighbourhood of Ceylon and at the equator 
westerly, in the Gulf of Bengal southerly and south- 
easterly, in Scinde and Upper Bengal easterly. In this 
case the tangential direction of the air which is in motion 
is very clearly marked. 

APRIL 17. 





Distance from Centre 


Barometer - 


Ship Zemindar (Lat. 6° 57' 
N. Long. 57° 12' E.) 


Mile* 


Inches 






800 


3000 


Madras .... 


300 


29*97 


Colombo .... 


300 


29-86 


Ship Victoria . 


120 


2975 


Cannanore .... 


120 


2964 


Ship Buckinghamshire 
„ Mermaid . 


90 
60 


29-58 
2935 



APRIL 18. 





Distance from Centre 


Barometer 


Ship Zemindar (Lat. 7° 42' 
N. Long. 57° 37' E. 


Miles 


Inches 






900 


3000 


Colombo .... 


500 


29-86 


Madras 




480 


29-94 


Rajcote 




450 


29-85 


Bombay . 




240 


29-70 


Cannanore . 




130 


29*78 


Ship Victoria 




130 


29-70 


„ Mermaid 




80 


2936 


„ Buckinghamshire 


20 


28-35 


Centre .... 





2800 



Dampier, that prince of navigators, as the Englishmen 
with pride call him, gives the signs of an approaching 
Typhoon with that accuracy for which he is so remarkable. 
In his 'Voyages ' (ii. 36) he says — 

Typhoons are a particular kind of violent storms blowing on 
the coast of Tonquin and the neighbouring coasts in the months 

O 
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of July, August, and September. They commonly happen near 
the fall or change of the moon, and are usually preceded by 
very fair weather, small winds, and a clear sky. Those small 
winds veer from the common Trade of that time of the year, 
which is here at SW., and shuffles about to the N. and NE. 
Before the storm comes there appears a boding cloud in the 
NE., which is very black near the horizon, but towards the 
upper edge it looks of a dark copper colour, and higher still it 
is brighter, and afterwards it fades to a whitish glaring colour, 
at the very edge of the cloud. This cloud appears very amazing 
and ghastly, and is sometimes seen twelve hours before the 
storm comes. When that cloud begins to move apace, you 
may expect the wind presently. It comes on fierce, and blows 
very violently at NE., twelve hours more or less. It is also 
commonly accompanied with terrible claps of thunder, large 
and frequent flashes of lightning, and excessive hard rain. 
When- the wind begins to abate, it dies away suddenly, and, 
falling flat calm, it continues so an hour, more or less ; then 
the wind comes about to the SW., and it blows and rains as 
fierce from thence as it did before at the NE., and as long. 

Varenius also gives a very accurate description of them 
in his ' Geographia Naturalis/ book i. chap. xxi. § 12, as 
follows : — 

Violentus erumpens et rapida vertigine circa horizontem ro- 
tatus, assiduis incrementis horarum circiter viginti spatio cir- 
culum conficit, impetu horribili ssevisque turbinibus vast& ilia 
aequora vehementissim^ commovens. Autumnio maxime tem- 
pore furiosissimus typhon dominatur ssepe tanto impetu et 
rabie, quantam qui oculis non subjecerint, animo concipere non 
possunt, dicas, caelum et terram chaos velle repetere. Neque 
tantum in mari, sed in littoribus quoque furit multasque domos 
prosternit, ingentes arbores radiciter evellit, magnas naves ex 
mari in terram ad quadrantem milliaris propellit. Nantse 
vocant, ' de windt drayt rond om het compas.' 

(It bursts forth with violence and shifts round the horizon 
with a rapid rotating motion, increasing steadily, and completes 
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the circuit in the space of about twenty hours, producing the 
most vehement commotions in those seas by its raging fury and 
fierce whirlwinds. The Typhoon is most violent in autumn, 
and rages with such intensity and fury that those who have 
never seen it can form no conception thereof; you would say 
that heaven and earth wished to return to their original chaos. 
Its ravages are felt, not only at sea, but also on land, where it 
levels many houses with the ground, tears up huge trees by the 
roots, and propels great ships out of the sea to a distance of a 
quarter of a mile on the dry land. Sailors say ( the wind shifts 
round the compass.') 

As a contrast to these descriptions, which were pub- 
lished two centuries ago, we find in Lecoq's ' Meteoro- 
logy,' which appeared in 1836, at p. 467, the following 
explanation given by Page : — 

Que sont les effrayans ouragans de la Mer de Chine, connus 
sous le nom de Lyfoongo, sinon des trombes, et des trombes 
immenses, terribles, qui, en crevant, se terminent par un violent 
coup de vent. (What else are the terrible hurricanes of the 
China Seas, known under the name of Lyfoongo (sic) but 
whirlwinds (trombes), and whirlwinds of a terrible and gigantic 
size, which, in bursting, end in a violent squall of wind.) 
Accordingly, a Typhoon is a tromb which bursts I 

Having in this way discovered in the Typhoons a 
confirmation of the principle laid down for the origin of 
the rotatory motion in the case of the West India hur- 
ricanes, we may proceed to examine more closely the 
phenomena which accompany these great disturbances of 
the atmosphere. 

If the rotating cylinder in a &torm in the Trade-wind 
zone extends from the lower to the upper current, it is 
evident that the upper portion of the cylinder is exposed, 
in the counter Trade-wind, whose direction is south- 
westerly, to the same conditions which are presented to 

o 2 . 



Digitized byLjOOQlC 



196 THE STORMS OF THE TORRID ZONE. 

the lower portion on its exit from the Trade-wind zone. 
This upper part of the cyclone will accordingly dilate at 
once, and advance in a direction different from that of 
the other part. Hence, as a secondary phenomenon, a 
suction will ensue in the centre of the cyclone, and also a 
diminution of pressure on the surface of the earth. The 
reason of this is twofold : the rotation of the cyclone 
has a tendency to remove the air from the axis ; and the 
cyclone expands like a funnel in its upper portion, so 
that its upper strata have a greater centrifugal tendency 
than the lower ones, to which, in consequence, there is 
imparted a tendency to rise, in order to compensate for 
the rarefaction which takes place above. 

If we examine the observations closely, we shall find 
that the storm itself does not owe its origin to any such 
suction. As an instance, we shall take the hurricane of 
August 2, 1837, for which we have simultaneous meteoro- 
logical observations from St. Thomas and Porto Eico, 
which I append in parallel columns, with a view to 
comparison. 

In the observations at St. Thomas the 'dead calm' is 
mentioned, which is suddenly interposed between the 
two storms from the opposite quarters — an awful 
moment, which fills the heart of the most fearless sea- 
man with anxious suspense. * Its occurrence is easily 
explained on the hypothesis of a rotatory motion, as the 
air at the centre of a cyclone must be at rest. It appears 
irreconcilable with a centripetal motion of the air, since 
two winds blowing directly against each other must check 
each other's motion ; so that the intensity of both must 
decrease the nearer the observer is to the point of con- 
tact of the currents. This actually happens on a great 
scale with the Trade-winds, and must necessarily be 
observable in the centre of a hurricane when it passes 
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over the point of observation, if a centripetal motion 
existed in them. The observed facts exhibit phenomena 
the opposite of these. According to Hoskiaer's observa- 
tions at St. Thomas, the hurricane increased continually 
from 6 h 45 m to 7 h 30 m ; then followed the dead calm, 
and at 8 h 10 m the hurricane recommenced as suddenly 
as it had ceased before. How can anyone dream of two 



St. Thomas 


Porto Rico 


Mean Time 


.Barometer 


Direction of the Wind 


Barometer 


Direction 
of the Wind 


H. 


M. 


Inches 




Inches 




August 1 18 





29*932 








.. 2 2 


10 


•754 


NW.^ 






3 
3 


20 
45 


•666 
•666 


^' I Ode fresh- 






4 


45 


•489 


ly] f ening 






5 


40 


•443 


NE. J 






5 


45 


•310 


NE. ] 








6 


30 


29*133 


NW. 








6 


35 


28-911 


NW. 








6 

7 


45 



•778 
•778 


NW. 
NW. 


> Hurricane 






7 


10 


•600 


NW. 








7 


22 


•289 


NW. 








7 


30 


•156 


NWJ 








' 7 


35 


•111 


1 






7 
8 


52 
10 


•067 
•067 


; Dead Calm 


8) 29-602 


NNR 


8 


20 


•067 


J 






8 


23 


•423 


SSE.\ 






8 


33 


•511 


SE. 








8 


38 


•600 


SE. 








8 


45 


•689 


SE. 








8 


50 


•778 


SE. 








9 





28*955 


SE. 




29503 




9 


10 


29133 


SE. 








9 


25 


•222 


SE. 


> Hurricane 






9 


35 


•310 


SE. 






9 


50 


•399 


SE. 








10 


10 


•489 


SE. 




10) 29-402 




10 


35 


•577 


SE. 








11 


10 


•599 


SE. 




11) 29-301 

12) 28-002 


E. 


11 


30 


•621 


SE. 




Hurricane 


14 


45 


•754 

•888 


SE. J 




15$) 29171 


S. 


20 





SW. 


16) 29-503 




21 





29-910 


E. 
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winds opposing each other in this instance ? In addition 
to this, the centripetal theory would require that the wind 
at this time should have blown from Porto Eico to St. 
Thomas, so that the wind at Porto Eico would have been 
W. ; it was really KNE., exactly as would be produced 
by the motion of a cyclone whose centre was at St. 
Thomas. 

It may also be shown that the diminution of baro- 
metrical pressure is not the cause of the violent dis- 
turbance of the air, but rather a secondary effect of it. 
This appears from Hoskiaer's remark that at each gust 
of the hurricane the level of the barometer sank 0-2 
inches, but returned to its former height as soon as the 
gust was over. The same fact is observed in the 
storms of the South Indian Ocean; for Thorn says 
(p. 184):- 

It has been observed that the mercury in the tube is, in 
certain parts of the storm, subject to sudden oscillations within 
the space of a few minutes. 

The sudden cessation of the storm appears as a normal 
phenomenon in the following account. Nassau (Bahamas), 
Aug. 1, 1813 : — 

About half-past 2 in the afternoon the storm reached its 
greatest height, and its fury lasted until 5, when it suddenly 
ceased. For half an hour afterwards it was succeeded by so 
perfect a calm that it could only be compared with death after 
the most frightful convulsions. The inhabitants of the colony, 
being well versed in the nature of storms, had recourse during 
this interval to all possible precautionary measures, in order to 
secure themselves against the second portion of the storm, 
which they expected would make its appearance from SW., and 
in fact it did burst forth again with the greatest fury about 6 
o'clock.- 
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The sudden transition from a violent storm to a dead 
calm at the centre, and then again to a storm whose 
direction is diametrically opposite to that which preceded 
it, is as well marked in the case of the Typhoons as in 
that of the West India hurricanes, as Dampier remarks. 
In the chapter on storms, in his ' Theory of the Winds ' 
(p. 69), he describes a storm which Captain Gadbury 
experienced at Antigua in August, 1681, in the following 
words : — 

Before 8 o'clock the wind came on very fierce at NE., and, 
veering about to the N. and NW., settled there, bringing with 
it very violent rains. Thus it continued about four hours, and , 
then fell flat calm, and the rain ceased. 

After this lull the wind and rain came on with the 
same violence as before, but from the SW. 

In the beginning of the night, when the NE. gust raged, the 
sea ebbed so prodigiously, or else was driven off the shore by 
the violence of the wind so far, that some ships riding in the 
harbour in three or four fathom water, were aground, and lay 
so till the SW. gust came, and then the sea came rolling in 
again with such prodigious fury, that it not only set them afloat, 
but dashed many of them on the shore. One of them was 
carried up a great way into the woods ; another was strangely 
hurled on two rocks that stood close by one another, with her 
head resting on one rock and her stern on the other ; and thus 
she lay like a bridge between the two rocks, about ten or eleven 
feet above the sea, even in the highest tides: for the tides 
do usually rise here but little, not above two or three feet, 
but in these hurricanes it always ebbs and flows again pro- 
digiously.* 

* In the description of the storm which devastated Charleston on Sep- 
tember 15, 1752, we read : l All the vessels in the harbour driven ashore, and 
some of them six miles inland, over the marshes and small streams, the 
inhabitants taking refuge in the upper parts of the houses, as in each pre- 
vious case.' 



Digitized byLjOOQlC 



200 THE STORMS OF THE TORRID ZONE. 

It was not the ships only that felt the fury of this storm, 
but the whole island suffered by it ; for the houses were blown 
down, the trees tore up by the roots, or had their heads and 
limbs sadly shattered, neither was there any leaves, herbs, or 
green thing left on the island, but all looked like winter ; inso- 
much that a ship coming thither a little after, that used that 
trade, could scarce believe it to be the same island. 

The day after the storm the shore was strewed with 
fish of divers sorts, as well great as small ; such as porpoises, 
sharks, &c. ; and abundance of sea-fowl also were destroyed by 
it. 

Though I have never been in any hurricane in the West 
Indies, yet I have seen the very image of them in the East 
Indies, and the effects have been the very same : and for my 
part I know no difference between a hurricane among the 
Carribee Islands in the West Indies, and a Tuffoon on the coast 
of China in the East Indies, but only the name. I have 
given a large account of one of these in my < Voyage round the 
World,' chapter xv. p. 414. 

This Typhoon came first from the NE., then there was 
a calm, then a storm from the SW., as violent as the 
previous one. During the storm a corpus sant appeared 
at the mast-head. 

At Madras, on October 13, 1836, between 6 a.m. and 
4 p.m., the barometer fell, with a wind from the K, from 
29-940 inches to 29-111 ; and from that to 7 p.m., to 
28-285, during the hurricane from the north. From 
7 h 15 m to 7 h 45 m there was an awful calm, the baro- 
meter remaining at the same level, 28-285 inches, for 
half an hour. The hurricane from the south then burst 
forth, and the barometer rose to 29*001 inches before 9 
o'clock, and to 29*415 before 11. 

During the Mauritius storm of March 1836 (p. 160), 
the calm on the 6th lasted two hours ; the fall of the 
barometer previous to it was 1*511 inches in thirty-three 
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hours, with, easterly winds ; its subsequent rise lasted for 
thirty-seven hours, with westerly winds (according to the 
'Nautical Magazine ' for June 1837). 

The circumstances of the storm of October 24, 1818, 
were exactly similar to those described, as we read in 
Goldingham's account : — 

In the morning the wind blew strong from N., and before 
10 o'clock it freshened to a gale. Then succeeded a frightful 
lull for half an hour, after which it blew a perfect hurricane 
from S. with a fury which had never been known in Madras 
before. The barometer had fallen to 29*5 inches, but during 
the fearful calm at 10 o'clock it stood at 28*78 inches, an 
unusual and alarmingly low level, of which I had never before 
heard at that place : towards noon it had risen about half an 
inch. 

The directions of the wind at the cessation and recom- 
mencement of the storm represent the tangents of the 
innermost circle, so that, whenever the path of the cyclone 
coincides with a diameter of the circle, these tangents will 
be parallel, and consequently the directions of the wind 
diametrically opposite to each other. Whenever the path 
coincides with a chord, the directions will be inclined to 
each other, and the duration of the lull at the centre be 
proportionably diminished. A very good example of this 
is given by the Typhoon which Krusenstern experienced 
in the Japanese Seas, in lat. 31° K, long. 128° W. The 
directions of the wind before and after the lull were 
ESE. and WSW. The critical moment at which the 
change took place was preceded by a complete calm, 
which only lasted for a few minutes, and during which 
the barometer fell to 27 inches. The calm was not of 
longer duration than the above in the case of the hurri- 
cane which devastated New Orleans in 1776, as we see 
from the description by Dunbar, in the ' Trans, of the 
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American Philosophical Society,' vol. vi. Thorn gives the 
duration of the cairn in the Albion storm, as 1 or 2 hours; 
in that of the Mauritius, in 1836, as 3 or 4 hours at Port 
Louis (a longer period than is given by the Journal of the 
Observatory) ; in the Carnatic storm 4 hours ; in the 
Neptune storm 6 hours ; and in the Windsor storm 8 
hours. Thorn gives the diameter of the calm area at 80 
miles in the Windsor storm ; in the case of the Rodriguez 
storm at 30 or 40 miles at first, at 20 subsequently in lat. 
22° S. Dr. Finlay, a physician in Havannah, has commu- 
nicated to me the interesting fact, that when Havannah 
was ravaged by a frightful hurricane on October 12, 
1846, the fall of the barometer at the centre of the 
cyclone was so sudden that the windows of the houses 
were blown outwards.* 

We have as yet, in speaking of the advance of the 
cyclone, taken no notice of the resistance offered by the 
ground to the motion of the air. This resistance will, as 
Eedfield correctly remarks, cause the rotating cylinder to 
incline forwards in the direction of its course. In conse- 
quence of this the cyclone will commence in the upper 
strata before it does so below, so that the barometer will 
begin to fall before the storm commences, and will indi- 
cate its approach. The oblique direction of the axis will 
cause the cold upper strata to intermingle with the warmer 
strata below, so that copious precipitations of moisture will 

* l On this account, windows are sometimes set open at the beginning of 
a hurricane. ' (Note by Adm. Fitzroy to the translation of the first edition.) 
Similarly, Tooley says of the tornado which devastated Natchez in 1840 : 
' The destruction was produced by the expansion of the air shut up in 
houses. Of all which stood in the path of the hurricane, those only escaped 
which had their doors and windows open.' Results directly opposite to 
these were observed at Tuscaloosa in Alabama during the tornado of March 4, 
1842. In this case, the only houses that were destroyed were those whose 
doors and windows were open ; while those which were quite shut up were 
preserved. 
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result, and will be accompanied by electrical explosions, 
which will be the more violent the heavier the fall of rain 
is. Thus the cold air will appear to pour down out of 
the clouds, and the storm assume the form so aptly termed 
by the Greeks exvefylag* With this might be classed the 
phenomenon well known to sailors in the torrid zone, 
under the name of the 'Bull's eye,'f the small black 
cloud which suddenly appears in rapid motion in the 
sky, seems to grow out of itself, and soon covers the 
whole sky, producing a disturbance of the atmosphere, 
which is the more frightful the finer the weather was 
Which immediately preceded it. 

Hitherto our investigations have been confined to the 
consideration of the occurrences which take place within 
the cyclone itself, and not of the phenomena observed at 
the places over which it passes. If we collect these places 
together in our minds, and consider, in order to simplify 
matters, that the diameter of the cyclone remains un- 
altered during its advance, we shall find that the points 
which it merely touches he on two lines, which are both 
of them parallel to the path of the centre, as they are 
formed by the common tangents of a system of equal 
circles. If the cyclone enters the temperate zone, and 
advances from SW. to NR, the direction of the wind on 
the upper line of contact will be NE., on the lower 
SW. Along the former line the NE. wind will commence 
in the south before it does so in the north, and thus seem 
to work back, while along the lower line the SW.« wind 
will appear to advance in the direction in which it blows. 

* 'A hurricane, caused by the meeting and bursting of clouds.' Liddell 
and Scott. 

t This should not be confused with the ' eye of the storm' (p. 282), which 
is an opening between the clouds. The l bull's-eye' is the cloud referred to 
by Sir J. F. W. Herschel (Encyc. Brit., article ' Meteorology '), F. 

Vide also 1 Kings xviii. 44. Trans, 
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Franklin writes on May 12, 1760, in a letter to Alex- 
ander Small — 

I think that the NE. storms in North America commence 
first, as regards time, in the southern part of the country : i. e. 
that the air in Georgia, the most southerly of the colonies, 
begins to move to the south-west sooner than the air in Carolina, 
which is the next colony to it on the north-east side ; that in 
Carolina sooner than that in Virginia, and so on through 
Pennsylvania, New York, and New England, to Newfound- 
land. 

I>anklin made this discovery on the occasion of an 
eclipse of the moon, which he was unable to observe at 
Philadelphia, owing to a NE. storm; while at Boston, 
where the storm began later, the eclipse was observed. 
According to the investigations of Bache this eclipse took 
place on October 21, 1743. 

Lewis Evans says the same, on a map of Pennsylvania, 
published in 1747. c All our great storms begin to lee- 
ward, thus a NE. storm shall be a day sooner in Virginia 
than in Boston/ 

Mitchel found in the year 1802 that a NE. storm com- 
menced 

At Charleston, Lat. 34° 45' on February 21, at 2 o'clock p.m. 

Washington „ 38 55 „ „ 5 „ 

New York „ 40 40 „ „ 10 „ 

Albany „ 44 „ 22 Daybreak. 

In the year 1811 

At Cape Hatteras, Lat. 34° 15' on December 23, at 8 o'clock p.m. 
Washington „ 38 55 „ „ 10 „ 

New York „. 40 40 „ „ Midnight. 

Lyme „ 24 2 o'clock a.m. 

Boston „ 42 22 „ „ 4 „ 

Poey alludes to a cyclone which travelled from Charleston 
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to Nova Scotia, between February 21 and 23, 1802. I 
can find no accounts of the other two cases. They may 
be simply explained on the hypothesis of a cyclone sweep- 
ing along the coasts of the United States, but might also 
belong to a class of storms, which we shall describe sub- 
sequently when we treat of the temperate zone. 

In order to be enabled to give a more correct descrip- 
tion of the phenomena which accompany West India 
hurricanes, we borrow from Major-General Eeid's work 
an account of the Barbadoes hurricane of August 10, 
1831, as, according to that author, it was obtained from 
an eye-witness : — 

At 7 p.m. the sky was clear and the air calm ; tranquillity 
reigned until a little after 9, when the wind blew again 
from the north; distant lightning was observed at half-past 
10 in the north-north-east and north-west. Squalls of wind 
and rain from the north-north-east, with intermediate calms 
succeeding each other until midnight; the thermometer fell 
to 83° Fahrenheit, and during the calms it rose as high as 
86° ; after midnight the continued flashing of the lightning was 
awfully grand, and a gale blew fiercely from the north and 
north-east ; ^but at 1 A.M. on August 1 1 the tempestuous rage 
of the wind increased : the storm, which at one time blew from 
the north-east, suddenly shifted from that quarter, and burst 
from the north-west and intermediate points. The upper 
regions were from this time illuminated by incessant lightning, 
but the quivering sheet of blaze was surpassed in brilliancy by 
the darts of electric fire which were exploded in every direction.* 

* If we remember that dust and sand, carried up mechanically into the 
air, especially when whirled about, can produce electrical tension, which 
may even rise to such a degree that bright sparks pass ; and, further, that 
it is the blackest clouds of smoke from a volcano which are the chief seat of 
the flashes of lightning, caUed by the inhabitants of the towns on Vesuvius 
feritti, and which appeared in the same clouds at the elevation of the 
islands of Sabrina and Ferdinandea; and, in addition to these instances, 
combine the fact of electrical appearances, being visible at waterfalls with 
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At a little after 2 the astounding roar of the hurricane, which 
rushed from the north-north-west and north-west, cannot be 
described by language. Lieutenant-Colonel Nic&le, commanding 
the 36th Begiment, who had sought protection by getting under 
an arch of a lower window outside his house, did not hear the 
roof and upper story fall, and was only assured this had 
occurred by the dust caused by the falling ruins. About 3 
the wind occasionally abated, but intervening gusts proceeded 
from the south-west, the west, and west-north-west, with accu- 
mulated fury. 

The lightning also having ceased, for a few moments only at 
a time, the blackness in which the town was enveloped was 
inexpressibly awful; fiery meteors were presently seen falling 
from the heavens ; one in particular, of a globular form and a 
deep red hue, was observed to descend perpendicularly from a 
vast height. It evidently fell by its specific gravity, and was 
not shot or propelled by any extraneous force : on approaching 
the earth with accelerated motion it assumed a dazzling white- 
ness and an elongated form, and, dashing to the ground in 
Beckwith Square, it splashed around in the same manner as 
melted metal would have done, and was instantly extinct. In 
shape and size it appeared much like a common barrel shade :* 
its brilliancy and the spattering of its particles on meeting the 
earth gave it the resemblance of a body of quicksilver of equal 
bulk. A few minutes after the appearance of this phenomenon, 
the deafening noise of the wind sank to a solemn murmur, or, 
more correctly expressed, a distant roar, and the lightning, 
which from midnight had flashed and darted forkedly with few 
and but momentary intermissions, now for a space of nearly 

the frequently-observed phenomenon of flashes of light when rain-drops touch 
the ground, it seems not unlikely that, as Faraday's experiments with the 
hydro-electrical machine seem to show, the source of the electricity in a 
thunderstorm is to be found in the friction of the steam in its condensation 
into the form of water. The more considerable the condensation, and the 
more active the disturbance of the air, the greater will be the amount of 
electricity generated. Country people are quite right when they call a down- 
pour of rain a l silent thunderstorm. ' 

* A l barrel shade ' is the name for the glass cylinder put over candles in 
the tropics. 
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half a minute played frightfully between the clouds and the 
earth with novel and surprising action. The vast body of 
vapour appeared to touch the houses, and issued downward 
flaming blazes, which were nimbly returned from the earth 
upward. 

The moment after this singular alternation of lightning, the 
hurricane again burst from the western points with violence 
prodigious beyond description, hurling before it thousands of 
missiles — the fragments of every unsheltered structure of 
human art The strongest houses were caused to vibrate to 
their foundations, and the surface of the very earth trembled as 
the destroyer raged over it. No thunder was at any time 
distinctly heard. The horrible roar and yelling of the wind,* — 
the noise of the ocean, whose frightful waves threatened the town 
with the destruction of all that the other elements might spare, 
— the clattering of tiles, the falling of roofs and walls, and the 
combination of a thousand other sounds, formed a hideous and 
appalling din. No adequate idea of the sensations which then 
distracted and confounded the faculties can possibly be conveyed 
to those who were distant from the scene of terror. 

After 5 o'clock the storm, now and then for a few moments 
abating, made clearly audible the falling of tiles and building 
materials, which by the last gust had probably been carried to 
a lofty height. At 6 A.M. the wind was at south, and at 7 
south-east, at 8 east-south-east, and at 9 there was again clear 
weather. 

As soon as dawn rendered outward objects visible the writer 
proceeded, but with difficulty, to the wharf. The rain at the 
time was driven with such force as to injure the skin, and was 
so thick as to prevent a view of any object much beyond the 
head of the pier. The prospect was majestic beyond description : 

* The frightful noise at the centre of cyclones is very variously described. 
Thorn says, ( An awful silence, followed by an awfully hollow and distant 
rumbling noise.' Biden says that the gusts which succeed it are ' like to 
successive and violent discharges of artillery, or the roaring of wild beasts. , 
Cattermole says, l A continuous roar in the air j ' while Piddington says 
that the usual expressions for waterspouts are ' rumbling ' and 'hissing/ 
while for cyclones they are l roaring/ thundering/ ( yelling/ and ' screaming.' 
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the gigantic waves rolling onwards, seemed as if they would defy 
all obstruction; yet as they broke over the careenage they 
seemed to be lost, the surface of it being entirely covered with 
floating wrecks of every description ; it was an undulating body 
of lumber, shingles, staves, barrels, trusses of hay, and every 
kind of merchandise of a buoyant nature. Two vessels only 
were afloat within the pier ; but numbers could be seen which 
had been capsized, or thrown on their beam-ends in shallow 
water. 

On reaching the summit of the cathedral tower, to whichever 
point of the compass the eye was directed, a grand but distressing 
picture of ruin presented itself: the whole face of the country 
was laid waste; no sign of vegetation was apparent, except here 
and there small patches of a sickly green. The surface of the 
ground appeared as if fire had run through the land, scorching 
and burning up the productions of the earth; the few remaining . 
trees, stripped of their boughs and foliage, wore a cold and 
wintry aspect; aDd the numerous seats in the environs of 
Bridgetown, formerly concealed amid thick groves, were now 
exposed and in ruins. From the direction in which the cocoa- 
nut and other trees were prostrated next to the earth, the first 
that fell must have been blown down by a north-north-east 
wind ; but far the greater number were rooted up by the blast 
from the north-west. 

Thus far goes the account from Barbadoes. If we add 
to this that when the storm was at its height the electrical 
tension of the atmosphere was so great that sparks leaped 
out of a negro in the garden of Codrington College, we 
shall perhaps be prepared to admit with General Eeid 
that the cause that a great number of forest trees at St. 
Vincent were destroyed without being blown down, is to 
be sought in this excessive amount of free electricity. 
Another phenomenon which accompanied this hurricane, 
and has often been observed elsewhere, was salt rain. At 
the K point of Barbadoes the waves broke constantly 
over a cliff more than 70 feet high. The salt water was 
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carried from this for miles into the country, so that all the 
fresh-water fish in the ponds of Major Leacock were 
killed ; and at Bright Hall, two miles SSE. of the point, 
the water in the ponds was salt for many days after the 
storm. 

We shall close our description with the account of the 
hurricane of October 10, 1780 (the ' Great Hurricane '), 
which seems to have presented in itself all the terrors of 
these grand natural phenomena. We possess more de- 
tailed accounts of it than of any other, because it was 
experienced in the West Indies by the fleet of Admiral 
Eodney, which had already suffered considerably a week 
previously to it, from the hurricane of Savannah-la-Mar on 
the west coast of Jamaica. Of that fleet the Scarborough, 
Barbadoes, Victor, and Phoenix, which had been lying in 
Montego Bay, were then lost. A ship, the Princess Royal, 
which was lying at Savannah-la-Mar with the Henry and 
Austin Hall, where they were all blown from their anchors 
and carried into the marshes, was lifted so far on the dry 
land that she served as a habitation for the surviving in- 
habitants of the place. 

The diameter of the hurricane of October 10 was from 
the very commencement so great that it embraced the 
extreme points of the Leeward Islands, — that is to say, 
Trinidad and Antigua, — while its centre advanced on the 
10th over Barbadoes as far as St. Lucia, where Admiral 
Hotham lay with the Vengeance, Montagu, Egremont, Ajax, 
Alcmena, and Amazon. Subsequently it overtook, on the 
south coast of Martinique, the French convoy, which 
consisted of 50 merchant vessels and transports, with 
5,000 troops on board, escorted by the frigates Ceres and 
La Constante: only six or seven of these vessels were 
saved. ' Les Mtiments du convoi disparurent ' (the vessels 
of the convoy disappeared), was the rather laconic expres- 
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eion made use of in the report given by the intendant of 
Martinique. From thence the vortex of the hurricane 
passed over Porto Eico, where the Deal Castle was 
wrecked, to the island of Mona, and there on the morning 
of the 15th it overtook the English merchant fleet con- 
voyed by the Ulysses and Pomona, to which it did consi- 
derable damage. After this it moved on to Silver Keys, 
where the Stirling Castle foundered. At what spot the 
Thunderer, which was on her passage from St. Lucia to 
Jamaica, bearing the broad pennant of Commodore Wal- 
singham, was lost, has never been ascertained. It now 
turned to the NE., when in 26° N. lat., and overtook the 
vessels of Admiral Eowley's squadron, which had been 
dismasted by the hurricane at Savannah-la-Mar, and con- 
sisted of the Trident, Ruby, Bristol, Hector, and Grafton, 
which, very unfortunately, were steering from the west 
side of the storm straight towards its centre. From thence 
it turned towards the Bermudas, probably extending 
across the Atlantic Ocean at the time when its breadth 
was greatest ; and here the Berwick, which was on her 
return to England, after having been disabled by the first 
storm, fell in with it. A sketch of the Egmont, taken by 
one of her officers, and to be found in Eeid's work, gives 
a good idea of the condition of the vessels. But not less 
destructively did the hurricane rage on the islands them- 
selves. At Martinique 9,000 people perished, 1,000 at 
St. Pierre alone, where not a house remained standing, as 
the sea rose to a height of 25 feet, and 150 houses along 
the beach disappeared in a moment. At Port Eoyal, the 
cathedral, seven churches, and 1,400 houses were thrown 
down, and 1,600 sick and wounded buried under the ruins 
of the hospital, so that but few were saved. At Dominica 
almost all the houses standing near the shore were carried 
away, and the royal bakehouse, the magazine, and a part 



Digitized byLjOOQlC 



THE GREAT HURRICANE, OCTOBER 1780. 211 

of the barracks, destroyed. At St. Etistatia seven vessels 
were dashed to pieces on the rocks at North Point, and 
of 19 vessels which cut their cables and went t(^sea but 
one returned. At St. Lucia, where 6,000 people were 
deprived of life, the strongest buildings were shattered to 
their foundations ; cannon were carried more than a hun- 
dred feet, and men and animals were raised from the 
ground and hurled to a distance of several yards. The 
sea rose to such a height that it demolished the fort, and 
hurled a vessel against the naval hospital, which was 
crushed by its weight. The coral bed at the bottom of 
the sea was torn up, and pieces of it raised so high on 
their edges that they were afterwards visible above the 
water ; and the harbour itself was deepened six feet, and 
in some places even more. Of 600 houses at Kingstown, 
in the island of St. Vincent, only fourteen remained stand- 
ing ; and the French frigate Juno was wrecked. Sir G. 
Eodney in his official report says — 

It is impossible to describe the dreadful scene it has occasioned 
at Barbadoes, and the condition of the miserable inhabitants. 
Nothing but ocular demonstration could have convinced me 
that it was possible for the wind to cause so total a destruction 
of an island remarkable for its numerous and well-built habi- 
tations; and I am convinced that the violence of the wind must 
have prevented the inhabitants from feeling the earthquake, 
which certainly attended the storm. Nothing but an earthquake 
could have occasioned the foundations of the strongest buildings 
to be rent ; and so total has been the devastation, that there is 
not one church, nor one house, as I am well informed, but what 
has been destroyed. 

In the Leeward Islands, the family at Government 
House retreated to the centre of the building as the 
tempest increased, imagining from the prodigious strength 
of the walls, they being three feet thick, and from its cir- 

p 2 
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cular form, it would have withstood the wind's utmost 
rage ; however, by half-past 11 they were obliged to re- 
treat to^fche cellar, the wind having forced its passage into 
every part, and torn off most of the roof. The water rose 
to a height of four feet in the cellar, so that they fled to 
the batteries and sought shelter under the cannon, many 
of which were moved. So violent was the storm, when 
assisted by the sea, that a twelve-pounder gun was carried 
from the south to the north battery, a distance of 140 
yards.* When the day broke the landscape had a com- 
. plete winter aspect : not a leaf, not a twig, was to be seen 
on the trees. 

In such a conflict of the elements, the strife of man is 
arrested. When the Laurel and Andromeda were wrecked 
at Martinique, the Marquis de Bouille sent the twenty-five 
English sailors, who were the only survivors of the crews, 
to the British Governor at St. Lucia, with a letter stating 
that he could not detain them as prisoners, from the 
chances of a catastrophe common to all. 

We now turn to the storms on their entry into the 
temperate zone. 

The change in the direction of advance of the storms, 
on crossing the limit of the Trade-wind zone, from a 
south-easterly to a south-westerly,f has been explained by 
the fact that in the later part of their course the prevalent 
direction of the wind is SW., while in its earlier portion 
NE. winds interfered with their motion. The direction 
of the wind in the temperate zone is not constant but 
variable. Hence, phenomena similar to those observed 
in the torrid zone can only occur in the temperate when 

* On its carriage, of course, which had wheels. 

t [i.e. they first move from the SE., and afterwards from the SW. 
— Trans.] 
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the prevalent direction of the wind in that zone is SW. 
before the entry of the storm into it. Accordingly baro- 
metrical minima, connected with storms, will only occur 
when these conditions are fulfilled. This was very remark- 
ably the case with the minimum of December 24, 1821, 
which has been described above. In November and 
December the mean direction of the wind was SW. at 
Penzance, London, Bushey Heath, Cambridge, New Mai- 
ton, Lancaster, Manchester, Paris, Brest, Dantzic, Konigs- 
berg, &c. ; and according to the 'Bibliotheca Universalis,' 
19, 29, a south-west wind, of more or less intensity, pre- 
vailed over the central region of Western Europe. 

We have already explained the reason why the diame- 
ter of the cyclone should increase, and its intensity 
decrease, on the change in the direction of its path.* On 
the other hand, it is evident that the intensity will increase 
afresh if smaller cyclones are developed, by any means, 
from the larger ones. These conditions existed in the 
case of the minimum of December 24 in the Mediter- 
ranean, in which district the mass of air, being checked in 
its progress by the mountains of Spain and the Maritime 
Alps, set itself afresh in violent motion round these points 
as new centres. This explains why the hurricane exhi- 
bited such remarkable violence in the region referred to, 
as well as near its centre. Hence we have from Brest on 
the 26th : ' For the last fortnight we have been living in 
storms which have never ceased roaring with unparalleled 

* It is not possible to ascertain the ratio between the intensities of storms 
in the torrid and temperate zones, in the absence of observations carried on 
with anemometers of similar construction. The mean intensity, in miles per 
hour, found by the observations in Liverpool from 1862 to 1855, was — 
winter, 15-6; spring, 121; summer, 11*8 j autumn, 11-5: year, 12*75. 
The maximum was 62 on January 9, 1852. The observations at Kew give 
10-36 miles for 1856, and 9-76 for 1857, giving as mean result 1006 miles 
per hour. In the year 1857 this mean result was, at Liverpool, 11-5 ; Kew, 
9-76 ; Oxford, 9-76 j — giving as a general average 10*34 miles per hour. 
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fttty.' In London there were the greatest floods that had 
been known since 1809. In Portsmouth there was such 
a squall from the SSE. as had not been felt for years. 
The sea rose to an enormous height during it. The de- 
struction in the Mediterranean was not less extensive. 
From Leghorn to Barcelona fearful damage was done. 
On the southern slopes of the Alps torrents of rain fell 
which inundated Venice, Genoa, and Nice. In Appenzell 
there was a storm such as had never been known there 
before, and the fury of the hurricane was especially in- 
tense in the valleys, inasmuch as the mountains checked 
the progress of the wind in such a manner that the baro- 
meter on their southern side suddenly rose to a much 
greater height than that at which it stood on their 
northern slopes. 

We see, accordingly, that barometrical minima of the 
temperate zone, as results of cyclones which enter that 
region, are distinguished from those of the torrid zone, on 
the one hand, as regards the direction in which they ad- 
vance, on the other as regards the greater area over 
which they are felt. In the case of the minimum of 
August 2, 1837, the difference of barometrical pressure 
between St. Thomas and Porto Eico was 1*33 inches, the 
distance being barely 100 miles, while on December 24, 
1821, the difference between Brest and Bergen was only 
1-066, the absolute minimum reading being the same in 
the two hurricanes. On May 21, 1823, the barometer 
fell, on board the Duke of York off the Hidgelee coast, 
from 28-866 inches to below 26-469 inches between 8 
and 11 o'clock A. M. ; a distance of 2*397 inches in three 
hours, according to both barometer and sympiesometer ; 
that is to say, the fluid disappeared for half an hour in 
the casing of both instruments, which covered the scales 
up to that level. The fall observed in Calcutta at the same 
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time was only 0*710 inch. Accordingly we see that in 
the torrid zone the fall of the barometer which precedes 
the minimum, as well as the subsequent rise, is much more 
rapid than in the temperate zone. 

If we look to the total diminution of pressure, we shall 
find this more extensive in the temperate than in the 
torrid zone. The former may be compared to a wide 
valley with gently sloping sides, the latter to a deep and 
precipitous ravine. There must therefore be some other 
cause in the temperate zone, in addition to those in the 
torrid, which assists in producing the rarefaction. This 
is presented by the high temperature which the air in its 
rapid advance into high latitudes brings with it. This 
was very remarkable on December 24, 1821. At Tol- 
mezzo the thermometer rose to 88°*25 in the shade. At 
Geneva it rose rapidly 11°'25 on the night of the 24th, 
and stood at its highest level 60 o, l at 1*30 a.m. on the 
morning of the 25th. Similarly, an unusual degree of heat 
was observed at Boulogne, Paris, and Hamburg. It is clear 
that if so warm a current flows over Europe towards the 
pole, the displaced polar current must force its way to the 
southward somewhere else. From the rotation of the 
cyclone we should expect to find this current in America, 
and it is actually indicated by the observations. On 
December 24 the thermometer stood at 9°*1, and a few 
days later at+ o, l at Salem, Massachusetts, in the latitude i 
of Eome. All the accounts from America mention an 
extraordinary degree of cold. 

The occurrence of such phenomena as these is not 
confined to the winter months. The hurricane which 
devastated St. Thomas and Porto Pico on August 2, 1837, 
was followed in the middle of the month, and on the 21st, 
by two very violent storms, which are fully described 
in Peid's work. During this period the heat in Europe 
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was unusually great, and violent thunderstorms with tor- 
rents of rain were experienced in various places. At 
Messina the temperature was 99°*5 from the 10th to the 
20th of the month; at Naples it ranged from 95° to 99° # 5; 
at Eome it was 99°-5 on the 12th. In the valleys of the 
Both and the Emme the rivers, swollen by the torrents of 
rain ( Wolkenbruche\ carried down masses of rock weighing 
3 tons.* In Silesia and Mark Brandenburg the heat was 
very oppressive. However, in Gallicia and Prussia this 
extraordinary heat was followed towards the end of the 
month by remarkably cold weather, which had already 
been felt in America at the time of the great heat in 
Europe. At Eochester, in the State of New York, the 
unusual phenomenon of a hoar frost was experienced on 
August 4. 

If we are prepared to recognise in these meteorological 
phenomena of the temperate zone the influence of dis- 
turbances in the tropical atmosphere following each other 
in rapid succession, we shall at once see why any deviation 
in the direction of change of the wind from that of 
S., W., N., E., which is conformable to the Law of Gyra- 
tion, must be a sign of unsettled weather. This has been 
remarked by almost all observers who have subjected the 
connection between the direction of the wind and the 
conditions of the weather to an accurate examination. 
•The gyration of the vane produced by a cyclone at points 

* In the valley of the Emme there is an old legend preserved, to the 
effect that, in the ravines of the Hohgant, there slumbers a huge serpent, 
which for centuries never appears, but then suddenly bursts forth with 
uncontrollable fury. In this description it is easy to recognise the mountain 
torrent, which, when swollen by the raim bursts forth from the windings of 
the valley. Nothing had been known of it within the memory of man (since 
1764), until it broke forth in August 1837. The pretty tale, Die Was- 
sersnotk in Emmethale vom August 13, 1837, by the author of the 
Bauemspiegely contains a most complete account of this great natural 
catastrophe. 
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situated on its north-west side is in the direction NW., 
W., SW., while in the ordinary course of things it should 
be in the opposite direction, viz. SW., W., NW. 

From this circumstance Lloyd* has drawn the conclusion 
that cyclones occur much more frequently in Ireland than 
had been previously supposed. Martin, in a 'Memoir on 
the Equinoctial Storms of March — April, 1850 ; an Enquiry 
into the Extent to which the Eotatory Theory may be ap- 
plied,' 1852, has given a Summary of Storm Tracks for 
the North Atlantic Ocean for the period assigned. 

Eedfield has done the same for the northern portion of 
the Pacific Ocean, in his ' Observations in relation to the 
Cyclones of the Western Pacific.' In the chart which he 
gives, we only find one cyclone whose advance in the 
torrid zone from SE. to NW., and in the temperate from 
SW. to NE., has been accurately traced, viz. the cyclone 
of the Mississippi between October 3 and 8, 1854. In 
all the other cases he was unable to obtain proofs of 
more than one of these motions ; either that from SE. to 
NW. in the torrid zone, or that from SW. to NE. in the 
temperate. The fact that they commence on the coast 
of California as SE. winds agrees with the hypothesis that 
they are cyclones, as such a direction of the wind would be 

* ' Notes on the Meteorology of Ireland, deduced from the Observations 
made in the year 1851, under the direction of the Royal Irish Academy/ by 
Rev. H. Lloyd, D.D. Trans. R. I. A. xxii. 411. This author determines 
the position of the vortex at any instant, as follows : ' If y and x denote the 
distances (in geographical miles) of the place of observation from any 
assumed central point, measured on the meridian, and on the perpendicular 
to the meridian respectively, y. ( and x„, the corresponding co-ordinates of 
the centre of the vortex, and the angle which the direction of the wind 
at the point (y, x) makes with the meridian, measuring from N. to E. j 

y - Vo + (x— *») ton = 0. 
The direction of the wind being perpendicular to the line connecting the 
points (y, x) and (y,, #„), y„ and x are determined by combining the 
equations of the preceding form for each of the stations, by the method of 
least squares.' 
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that observed in front of a cyclone which is advancing in 
a direction perpendicular to the coast line. As for the 
Typhoons which strike the coast of China, and approach 
it from the SW., the point where they change their course 
must be on the continent, and their subsequent progress 
in the temperate zone could be only traced in the Japanese 
Seas. These Typhoons are frequently accompanied by ex- 
tensive inundations of the coasts by the sea, of which 
Macgowan's work* contains numerous instances taken 
from Chinese sources. In the year 1748, 20,000 persons 
were destroyed by an inundation of the sea during a 
storm of this character. The violence which these storms 
exhibit even on the eastern edge of the Monsoon region is 
apparent from the fact, that in one storm which passed over 
the island Guaru,one of the Ladrone Islands, in September 
1855, more than 8,000 people were rendered houseless in 
the space of twenty minutes by the fall of their roofs. 

It is moreover evident that the connection between a 
storm in the temperate zone, and the original cyclone in 
the torrid zone, to which it owes its origin, need not 
necessarily be traceable, as a continuously advancing 
minimum, in the lower strata of the atmosphere. We have 
explained above (p. 36) the circumstance that the predo- 
minant winds in the upper strata, between the topics, are 
SW., so that the identical conditions are from the very 
first presented to the upper part of the cyclone, which can- 
not be experienced by the lower part before it leaves the 
zone of the Trade-winds. Hence the upper portion will 
dilate at once, and advance in a direction different to 
that in which the lower portion moves. A very good 
proof of this connection, which was pointed out by me 

* On the Cosmical Phenomena observed in the neighbourhood of Shang- 
hai during the past Thirteen Centuries. — Journal of the North China Branch 
of the Royal Asiatic Society, 1860, ii. 55. 
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in the year 1842, is given by the hurricane at the 
Havannah on October 12, 1846, in which case the 
effect of the diminution of pressure has been already 
alluded to (p. 202),* 
and the hurricane of 
October 17, in the same 
year in the south of 
France, which was ac- 
companied by torrents 
of rain and the fall of 
dust. The description 
given by Lortet of this 
storm reminds us at 
once of the descrip- 
tion of a tropical cy- 
clone. 

The tempest at La Verpelltere, between Lyons and Grenoble, 
came over the chain of hills in the Ardeche district with a NW. 
wind. At the same time, from seven o'clock on the morning of 
October 17, the sky became extraordinarily overcast over Gre- 
noble. The stifling blasts of a south-easterly sirocco were felt 
there ; blood-coloured rain fell there, together with a reddish 
dust, which covered the diligences near Lyons to the depth of 
one or two lines. This occurred, according to Dupasquier, 
during a calm, or while the wind was from the S., and very 
light. The rain was not excessive ; but the appearance of the 
sky was terrific. Two banks of clouds — one in the S., the 
other in the NW. — were the foci of the storm. The wind 
shifted from minute to minute ; flashes of lightning of extraor- 

* The fall of the barometer, for each hour, if we count the time from the 
period at which the centre reached the town, is as follows (in inches) : — 



Between 12 and 6 hours before, 0-077 

„ 9 6 „ „ 0-063 

6 3 „ „ 0-103 



Between 4 and 2 hours before 0-290 
„ 3 the vortex 0-397 
» 2 „ „ 0-490 



Accordingly, in the four hours immediately preceding the passage of the 
vortex, it was 1*66 inches, and in the last two alone 0-980 inches. 
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dinary brightness crossed the sky, not vertically, but horizontally, 
flying round more than one-third part of the horizon. At every 
flash birds of passage on the wing redoubled their shrieks of 
terror. In the streets, in open rooms, and in the chimneys, the 
inhabitants caught ducks, quails, fieldfares, nightingales, fly- 
catchers, and other birds. 

The fall of the barometer at the different stations is 
given in the following table : — 

Bordeaux, from 13th to 16th, 0743 inches, and up to the 20th rose 0*711 inches. 



Toulouse „ 


12th 


0-656 


>» »t 


0-640 „ 


Marseilles „ 


10th 


0717 


»> »i 


, 0-543 


Privas „ 


10th 


0-752 


»i f> j 


0-555 „ 


Lyons „ 


9th 


0720 


it it 


0-524 „ 


Geneva „ 


10th 


0682 


»t u 


0492 


St Bernard „ 


11th 


0-715 


a » 


0-443 „ 


Dijon „ 


10th 


0-693 


** tt 


0-488 „ 


Paris „ 


13th to 1 


5th, 0-601 


t» tt 


0*507 „ 



According to Ehrenberg's microscopical analysis, there 
is nothing either in the internal or the external character 
of the dust which fell on that occasion which would lead 
him to attribute its origin to Africa. On the contrary, 
many of the forms therein contained were, either mainly, 
or in a great degree, indigenous to South America. It 
could not have come from the interior of a continent, but 
must have been carried from the sea-coast (if we may 
assume that it all came from one district), inasmuch as it 
contained existing marine forms.* 

This case which we have just described forms a very 
natural introduction to the consideration of the storms 
which arise outside the zone of the Trade-winds. 



* Berichte der Berliner Akademie der Wissenschaften (Reports of the 
Berlin Academy of Science), 1846, 227. 
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II.— Storms which arise at the exterior edge of 
the Zone of the Trade-winds. 

In the preceding pages we have referred the West 
India hurricanes to the interference of lateral cross-cur- 
rents with the upper Trade-wind on its return from the 
equator, portions of which, being forced to enter the lower 
strata of the atmosphere, meet with a constant wind, 
moving in a direction opposite to their own, and thus 
produce a cyclone. Outside the Trade- wind area the 
upper current descends to the surface of the earth, and is 
predominant there in different districts at different times, 
while the under-current in the opposite direction is not 
constant. Here, then, we shall find that the conditions of 
interference will constantly be presented, but the currents 
will be directly opposed to each other, so that they will 
only check each other's progress. In this case, a partial 
gyration indicatesnothing more than that one of the currents 
has at last overcome the resistance of the other, a success 
which is just as liable to be reversed as not. In all such 
cases, the warm equatorial current will produce a con- 
siderable depression of the barometer, inasmuch as in its 
progress into colder regions it loses the moisture which 
it had brought with it, in repeated discharges of rain. 
This fall of the barometer will be observable along a line 
perpendicular to the direction of the current, rather than at 
the centre of a rotating mass of air. In the case of cyclones 
the height of the barometer increases in all directions from 
the centre; in the case now under consideration the 
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barometer will rise to a great height over an extensive 
area, affected by the polar current, which has been checked 
in its progress. This contrast of two districts, with 
respectively high and low levels of the barometer, will also 
be marked by great differences of temperature between 
the regions in question. 

The investigation of such phenomena requires obser- 
vations from a great number of stations scattered as thickly 
as possible over an extensive area. In the consideration 
of the preceding class of storms, we have derived our in- 
formation principally from the logs of ships, but in this 
class we are referred, by the nature of the case, principally 
to observations made on land. In a larger work of mine,* 
I have described at length several instances of this inter- 
ference of and strife between two opposite currents, of 
which I shall quote a few cases here. 

The Conflict of Opposite Currents in January 1850. 

The month of November 1849 had been very warm 
throughout Germany, but at the end of the month an 
intense degree of cold, accompanied by easterly winds, 
was felt in European Eussia and the east of Germany. 
This was broken for a short time, in the middle of De- 
cember, by southerly and westerly winds ; but towards 
the end of the year it recommenced, and in January, 
with easterly winds, reached a degree of intensity in 
eastern Germany such as had not been recorded at many 
of the stations since the observations commenced. At 
Posen the thermometer fell to — 37°*7 Fahr. ; at Bromberg 

* Darstellung der Warme-Erscheinungen dutch funftagige Mittel von 1782 
bis 1855, mit besonderer Beriicksichtigung strenger Winter (Representation 
of the Phenomena of Temperature by Five-Day means, from 1782 to 1855, 
with a Special Reference to Severe Winters). Berlin, 1856, folio, 118 pp. 
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to — 33°-92 on the 22nd. The reading recorded at Vienna 
for the night of the 22nd and 23rd was — 13°-9, and 
was the lowest which had been observed since 1775. 

If we examine the horizontal extension of this unusual 
degree of cold, we find that from its maximum in the 
western provinces of Prussia, in Posen, Silesia, and Bo- 
hemia, there was a continual decrease observable on all 
sides. In the south of Europe it was still considerable, 
since snow fell at Constantinople to the depth of some 
feet, and the temperature on January 21 was +5°*0 
in that city. At Caesarea it was — o, 4 on the 25th; 
in Simpheropol — 13°0 ; and on the south coast of 
the Crimea + o, 50. At Salonika men and cattle were 
frozen to death, and at Smyrna the winter was severer 
than any of the inhabitants could recollect it ever to have 
been. Vesuvius, and the whole range of mountains from 
Castellamare and Sorrento to Cape Minerva and Capri, 
were covered with snow, as were also Cape Bon and 
the Island Pantelaria ; while even at Tripoli snow fell, 
and many of the gazelles in the desert were frozen to 
death. 

It seems that a warmer stratum of air lay above this 
icy polar current, for on the day on which the minimum 
temperature ( — 17° -5) was observed at Heiligenstadt, the 
temperature at the Brocken, at a height of 3,600 feet 
above the sea, was + 8 0, 43. At Schlegel in the Graf- 
schaft of Glatz, the minimum temperature was — 28°-75 
on the 22nd ; at Pischkewitz it was even lower (— 35° # 5) ; 
while at Wlinschelburg the winter morning was so plea- 
sant, that some people set out on a pleasure excursion to 
Glatz, which lies at a lower level, and could not under- 
stand how it was so cold there. The same facts were 
observed in Carinthia, where at Klagenfiirth, at an eleva- 
tion of 1,384 feet, the minimum temperature was — 18°-62 ; 
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at Sagritz, at the height of 3,590 feet, it was + 0°-5 ; and 
on the Obir, at the level of 5,200 feet, it was -0°-62. 
Similarly, the minimum at Schoneberg, which lies at the 
foot of the Thurmberg, and is 785 feet above the sea, was 
only — 8°*5, while at Conitz it was — 17°-95, and at Brom- 
berg, at a still lower level, it was — 33°-92. 

This warm air then commenced to descend ; and we 
obtain the most accurate accounts of the prevalence of 
the polar current, and the conflict of the southern current 
with the dense cold air which lay underneath it, from the 
observations taken at Vienna. 

On January 19, when the wind was NW., and' there was a fall 
of snow which lay to a depth of 5*39 ft., the barometer fell 
rather rapidly, and the temperature was near the freezing point. 
At 11 p.m. on that night it began to rise from its level (28*825 
inches) very suddenly, while the wind shifted to SE., and the 
thermometer fell to + 18°*3 before morning. The barometer 
then rose until 11 a.m. on the 22nd — the day on which the 
maximum of the barometer and the minimum of the thermo- 
meter were so generally observed. The change of level in the 
two days was 1*352 inches. The wind shifted to N. and NNE. ; 
the temperature fell to -f 5° on the night between the 20th and 
21st, and before the 22nd to — 7°*37. Simultaneously with 
this change of temperature, the weather cleared up on the 
22nd, and remained fine, with slight interruptions, up to the 
evening of the 23rd. On the 22nd, in the middle of the day, 
the barometer stood, for about three hours, at the height of 
29*875 inches ; it began, at 11 a.m. on the 23rd, to fall, at first 
slowly, but afterwards as quickly as it had risen before — at the 
rate of about 0*05 inches per hour — and continued falling up 
to 4 a.m. on the 24th, when it recommenced to rise. During 
this latter period the temperature at first continued falling, and 
reached the hitherto unheard-of level of — 13°*5 during the fine 
night of the 22nd. The wind had remained at NNE. up to 
noon on the 23rd, when it shifted to N., and then to NW., 
bringing a really dangerous snowstorm from that point. This 
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shift of the wind, and sudden fall of the barometer, as above 
noticed, was accompanied by a great rise of the thermometer, 
which changed, in the space of twenty-four hours, from — 10 o, 3 
on the morning of the 23rd to 32°-22. On the 24th a decided 
thaw set in. The unusually heavy snowstorm on the evening 
and night of the 23rd was characterised by the small size of the 
flakes, which were more like hailstones ; and it ceased with a 
thunderstorm at 11 p.m. In the night 7*63 ft. of snow fell, so 
that it attained in the city such a depth as had never been 
heard of. 

Inasmuch as the thermometer rose 42° in twenty-four 
hours from the morning of the 23rd, it is probable that 
the ' small flakes like hailstones ' were of a character 
which I have often observed, and have described (' Wit- 
terungs-verhaltnisse von Berlin ' [Account of the Weather 
at Berlin], 1842, p. 20), as follows : — 'If the southerly 
wind bursts in very suddenly, glazed frost (Glatteis) falls, 
i. e. rain-drops frozen while falling. In the mountains 
the thaw may be seen on the mountain- tops, while the 
cold in the valleys is still very intense. In such a case 
they say in the Tyrol, ' The south wind (Fohn) drives the 
cold down into the valley ! ' 

As regards the extension of this unusual degree of cold, 
produced by the polar current, I must refer the reader 
to the ' Funftagige Mittel,' p. viii. It will be sufficient, 
in this place, to exhibit the compression to which the air 
was subjected over the district in question. The excess 
of the reading of the barometer above its mean level on 
the 21st and 22nd, is given in the following table for the 
different stations, in English inches : — 



Konigsberg . 


. 0-884 


Conitz .... 0-821 


Breslau 


. . 0-806 


Posen . . . 


. 0-876 


Coslin .... 0-819 


Cracow . . 


. . 0-810 


Stettin . . . 


. 0844 


Frankfort on the 


Prague . . 


. . 0*827 


Bromberg . . 


. 0-833 


Oder. . . . 0-804 


Vienna . . 


. . 0-832 



This shows that it was near a maximum along a line 

Q 
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drawn from Konigsberg to Prague. From this line the 
excess decreased on each side to the eastward as well as 
to the westward, as will be seen : — 



Arys . . . 


. 0765 


Torgau . . . 


. 0-729 


Potsdam . 






0*742 


Tilsit . . . 


. 0710 


Erfurt . . . 


0-751 


Salzwedel . . . 0*720 


Memel . . . 


. 0-704 


Arnstadt . . 


. 0-654 


Hinrichshagen . 0*710 


Warsaw . . 


. 0-712 


Gotha . . . 


. 0-629 


Schwerin . . . 0*698 


Ratibor . , 


. 0-762 


Heiligenstadt 


. 0-622 


Liibeck .... 0646 


Neisse . . . 


. 0633 


Berlin . . . 


. 0-771 


Copenhagen . . 0*702 


Moving 


westward from the Hartz we find : — 


Brocken . 


. 0542 


Canstadt . . 


. 0-652 


Versailles . . . 566 


Salzuflen . , 


. 0-607 


Stuttgart . . 


. 0-553 


Dijon . 




. 0-556 


Giitersloh . 


. 0-605 


Aix la Chapelle 


. 0643 


Rodez . 




. 0-513 


Paderborn 


. 0-603 


Cologne . . 


. 0-605 


Toulouse 




. 0469 


Oldenburg . 


. . 0-547 


Cleves . . . 


. 0-568 


Marseilles 




. 0-611 


Treves . . 


. . 0661 


Liege . . . 


. 0-633 


Bordeaux , 




. 0-483 


Gorsdorf . 


. . 0-652 


Brussels . . 


. 0-610 


Cherbourg 




. 0*539 


Neunkirchen 


. 0*648 


Ghent . . . 


. 0-606 


London 




. 0*547 


Darmstadt 


. . 0648 


Namur . . . 


. 0-551 


Applegarth 
Dublin . . 


. . 0187 


Frankfort on 


the 


Rouen . . . 


. 0-620 


. 0-519 


Maine . 


. . 0666 


Paris . . . 


. 0-566 


The Orkneys 


. . 0071 


If we 


go southwards from the centre we find 





Hohenelb . 


. . 0-768 


Pilsen . . . 


. 0-713 


Sagritz . . 


. 0-483 


Senftenberg 


. . 0-706 


Winterberg 


. 0-579 


Adelsberg . 




0-691 


Olmiitz . . 


. . 0-776 


Stubenbach . 


. 0535 


Trieste . . 




0-639 


Briinn . . 


. . 0-760 


Lemberg . . 


. 0527 


Geneva . . 




0546 


Konigsgratz 


. . 0-783 


Schemnitz . . 


. 0753 


St, Bernard* 




0500 


Leitmeritz . 


. . 0-743 


Kremsmiinster 


. 0-713 


Milan . . 




0-696 


Piirglitz 


. . 0-714 


- Salzburg . . 


. 0-638 


Florence . 




0-721 


Smeczna . 


. . 0-747 


St. Paul . . 


. 0-754 


Naples . . 




0*477 


Deutschbrod 


. . 0-687 


Klagenfurt . 


. 0-689 




Furthei 


• to the eastward and northward we find : — 


Stockholm . 


. +0-281 


Lugan . . . 


+ 0-279 


Bogoslowsk . +0151 


Baltisch Port 


. +0-436 


Slatoust . . . 


+ 0-224 


Caesarea . . nearly 0-000 


St. Petersburg 


. + 0-383 


Catharinenburg 


+ 0157 











At Barnaoul the depression was 0*030 inches, at Pekin 
0167, and at Nertschinsk 0*278. 

On the 22nd, the day of the barometrical maximum in 
Europe, the barometer in the States of New York and 

* The maximum at St. Bernard did not occur till the evening of the 
24th. 
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Khode Island reached its lowest level; the reading at 
North Salem Academy on that day was — 0*734. 

According to the barometrical observations, of which 
only a graphical delineation is given by Professor Espy 
in the ' Fourth Meteorological Keport,' there was a rela- 
tive minimum on the 20th at Washita, Fort Gibson, 
Natchez, Memphis. 

On the 21st at Fort Laramie, Fort Kearney, Beloit 
College, Milwaukie, Grand Eapids, Springdale, Nash- 
ville, Pensacola, Lebanon, Fort Brady, Detroit, Gran- 
ville, Oberlin, New Concord, Marietta, Camden, Fort 
Moultrie, Chapel Hill, Toronto, Buffalo, Cattack, Gettys- 
burgh, Seneca Falls, Harrisburg, Eochester, Newark 
College. 

On the 22nd at Pompey, Stinnicke, Madison Barracks, 
Lancaster, Walterville, Burlington, Columbus, Westpoint, 
Albany, Newburgh, North Salem, Sing Sing, Salisbury, 
Ovid Plumb, Amherst, Burlington, New Haven, Sag 
Harbour, Wesley, Fort Adams, Southwick, Concord, 
Biddeford, Albion Mines. 

From this we see that the minimum travelled from 
S. to N., whereas in Europe the maximum advanced 
from .NE. towards SW. At Jacobshafen, in Greenland, 
the relative minimum occurred at an earlier period, viz. 
on the 21st. The district over which the rarefaction was 
observed did not embrace the whole continent of North 
America ; for the reading of the barometer at Sitka, in 
Eussian America, was 0*307 inches above the mean. 
The victory of the southern current caused the barometer 
throughout Germany to fall to such an extent, that its 
level had sunk 1*78 inches before the 26th and 27th 
throughout Prussia and Austria. The battle-field between 
the two currents lay now farther to the N., and the 
conflict is indicated by terrible snowstorms in Sweden. 

q 2 
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Siljestrom* has described this meeting of the two cur- 
rents. Their alternation was marked here by similar 
conditions of temperature, as it had been at Vienna. At 
Mariestadt the thermometer rose from — 9 0, 4 to 37°*4 on 
the 29th, and fell again on the same day to 8° # 6. At 
Lilla Edet the barometer fell 1*41 inches between the 
27th and 29th, while the N. gave way to the SW. wind, 
the temperature at the same time rising 45°, from — 10°'3 
to 34°*4. When the snowstorm set in the barometer 
began to rise, and reached its former level on the 30th, 
while the thermometer sank to 1 0, 6. 

This was the last effort of the northern current, as it 
subsequently gave way to the southern current so com- 
pletely, that on February 6 the barometer in Central 
Europe reached a level which was almost the lowest on 
record. In Berlin it stood, on February 6, 2*10 inches 
lower than on January 21. At Stettin the difference was 
2-22 inches, and even in Florence 1*46. The simulta- 
neous elevation of temperature was so great, that, while 
the ' five-day mean ' for the period from January 31 to 
February 4 was 23°-9 at St. Petersburg, 21°-3 at Mitau, 
13°-7 at Arys, below its value, derived from the average 
of several years' observations, the succeeding mean, for 
the 5th to the 9th February, was too high to the extent 
of 6°-2 at St. Petersburg, 10°-4 at Mitau, and 9°-3 at 
Arys. The increase of temperature at the three stations 
is found to be 25°2, 25° 0, and 19°-7 respectively. This 
southern current was so persistent, that at many stations 
in North Germany the minimum level of the barometer 
was not reached until the 22nd. 

* Om Snostormen den 29 Januari, 1850 (On the Snowstorm of January 29, 
1850), in his Afhandlingar och Smdrre Uppsatser % Fysiska och FUosofiska 
Aemnen (Treatises and Shorter Papers on Physical and Philosophical Sub- 
jects), 1857, p. 356. 
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The extension of this second minimum is given in the 
following table. Throughout the whole area there was a 
thaw, with southerly winds. The figures indicate the 
depression, in inches, referred to the mean for January, 



Christiania . 


1-794 


Oldenburg 


1-537 


Copenhagen . . 


1-581 


Liibeck . . t 


1-578 


Schwerin . . 


1.534 


Salzuflen . . 


1-365 


Giitersloh . . , 


1-340 


Salzwedel . . . 


1*428 


Stettin . . . 


1-375 


Binrichshagen 


1-363 


Coslin . . . 


1-374 


Cleves . . . 


. 1-318 


Paderborn . . 


, 1-311 


Gotha . . . 


1-303 


Potsdam . . 


. 1*320 


Berlin . . . 


. 1-255 


Bromberg . . 


, 1-229 


Conitz . . . 


1-226 


Schoneberg . . 


1-241 


Dantzic . . 


1-258 


Konigsberg . 


1-241 


Memel . . . , 


1-191 


Stockholm . . . 


1-216 


Ghent . . . . 


1-190 


Cologne . . , 


1-190 


Brocken . . , 


1115 


Heiligenstadt 
Muhlhausen . , 


1-206 


1-215 


Erfurt . . • 


1-216 



; witn mat i< 


)r tne i 


sviiole year 


I — 


Torgau . . . 


1-189 


Senftenberg 


. 0-889 


Frankfort on the 


Ratibor . . 


. 0-947 


Oder . . . 


1-184 


Cracow . . 


. 0-903 


Posen . . . 


1-191 


St. Petersburg 


. 0-956 


Brussels . . 


. 1-149 


Versailles . , 


. 0-835 


St. Trond . . 


. 1137 


Salzburg . 


. 0-809 


Liege . . . 


1-134 


Blremsmiinstei 


• . 0-812 


Namur . . . 


1-094 


^Trieste . . 


. 0-849 


Aix la Chapelle 


1-084 


*Milan . . 


. 0-743 


Gorlitz . . . 


1073 


*Florence . 


. 0-712 


Breslau . . 


. 1-077 


*Naples . , 


. 0-812 


Arys . . . 


. 1101 


Rouen . . 


. 0-724 


Baltischport . 


. 1-123 


Pessen . . 


. 0-768 


Treves . . . 


. 1006 


Schopil och . 


. 0-730 


Prague . . . 


, 1-019 


Ennabeuern 


. 0-719 


Piirglitz . . 


. 0-983 


*Klagenfurt 


. 0-784 


Smeczna . . 


. 0-982 


*Sagritz . . 


. 0-671 


Schossl . . . 


. 1-043 


Stubenbach . 


. 0-733 


Neisse . . . 


. 1-031 


Slatoust . 


. 0-733 


Olmiitz . . . 


. 1*056 


Cherbourg . 


. 0-626 


Warsaw . . 


. 1036 


Dijon . . 


. 0-646 


London . . . 


. 0-909 


Toulouse . 


. 0-557 


Gorsdorf . . 


0-933 


Geneva . . . 


. 0-562 


Stuttgart . . 


0-922 


St. Bernard 


. . 0-482 


Canstadt . . 


0-905 


Bordeaux . 


. . 0-316 


Pilsen '. . . 


0-930 


*Rodez . . 


. . 0-314 


Konigsgratz . 


0-948 


Barnaoul . 


. . 0-065 


Vienna . . . , 


0-905 






Brunn . . . 


0-945 







At the following stations the barometrical reading was 
above its mean level on the same day : — 

Pekin . +0*042 Nertschinsk . +0615 Salem (U.S. A.) +0-525 

The five-day mean is relatively very high over the 
whole area, with the exception of the Ural, where the 
cold was not interrupted. At Mitau the excess was 
10°-44 ; at Breslau, 7°-64 ; &c. 

In contrast to the elevated temperature in Europe, we 

* At the stations to which an asterisk is prefixed the minimum occurred 
on the 7th. 
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find that February 6 was the coldest day at Providence 
in North America, and, at the same time, that of the 
barometrical maximum of the year (0-829 inches above 
the mean height for the year). Similarly, at Cambridge, 
near Boston, the barometer stood 0*833 inches above its 
mean level, with a thermometrical minimum of — 3°-l. 
At Savannah the excess was 0*559 inches on the 6th, and 
the lowest temperature 25° on the 5th. At Chapel Hill, 
S. Carolina, the excess was 0*533 inches, while the 
thermometer fell to ll°-5 on the 5th. At Muscatine 
in Wisconsin the barometrical maximum occurred on 
February 3, with a temperature of — 13°*9. At Green- 
lake the lowest temperature was — 13 0, 9 on the 4th. We 
obtain the same results from the graphical delineation in 
the 'Fourth Keport.' The barometrical maximum ap- 
peared in the Western States earlier than in those on the 
coast of the Atlantic, where, however, the oscillation was 
more • extensive. In the latter States the barometer was 
very low at all the stations up to the 3rd, and then rose 
suddenly to a maximum on the 6th. These facts give 
us, on a great scale, an instance of a compensation 
between the distribution of pressure and temperature in a 
horizontal direction ; and we should be able to investigate 
it thoroughly if the American observations had been pub- 
lished in a manageable form. There is more information 
relative to this great atmospherical disturbance to be 
derived from the ' American Almanack/ which contains 
the numerical values of the monthly means and monthly 
extremes of the barometer and thermometer for a few 
stations, than from the curves for fifty-five stations, which 
are printed on huge sheets, and of which there is not a 
single syllable of explanation contained in the 240 4to. 
pages of Introduction. • Mr. Espy, instead of furnishing a 
Report, as the title-page promises, talks, as usual, of 
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nothing but himself and his theory. In this work, Mr. 
Espy challenges me to discuss his theory, in which he 
attributes the fall of the barometer to the latent heat set 
free by the condensation of vapour during a courant 
ascendant shower. I should be prepared to do this if 
Mr. Espy would first explain the fact which was estab- 
lished by me nine years before he propounded his 
theory — viz. that the motions of the barometer and 
thermometer on the W. side of the windrose are in the 
opposite direction to those on the E. side — a fact which 
in itself is sufficient to upset his theory ; or would even 
pay any attention to my publications on the subject, which 
he has never deigned to do. The phenomena of most 
common occurrence — that most extensive condensations 
of aqueous vapour take place in those parts of the torrid 
zone which are not visited by hurricanes, without any 
change of the barometer, of any extent, being observable ; 
that in the temperate zone the barometrical oscillations 
are most extensive in winter, at which period the action 
of the courant ascendant disappears entirely in proportion 
to that of the ordinary atmospherical currents ; that, as 
the instance just quoted proves, a barometrical minimum 
may advance over an entire continent in one direction, 
while a maximum is advancing over another continent in 
the opposite direction ; that the yearly barometrical curve 
for the interior of continents is of a totally different form 
from that for the coasts of the oceans, — show us so clearly 
the necessity of making a distinction between the local 
courant ascendant and the great horizontal currents, when- 
ever we attempt to discuss atmospherical phenomena, that 
this must always be presupposed when we treat of any 
theory which is intended to embrace the phenomena of 
the atmosphere. With reference to the fact established 
by me — that the rarefaction which takes place over 
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Asia in the summer is the cause of the monsoon — Mr. 
Espy informs me, at p. 135, that the Monsoon of India 
has a SW. direction, and therefore does not blow towards 
the interior of Asia, neglecting, as he always does, to take 
any notice of the influence exerted by the rotation of the 
earth round its axis. The words of Kedfield are exactly 
suited to this objection, who, when Mr. Hare charged me 
with having, in adherence to Kedfield's theory, maintained 
that the axis of an advancing cyclone was inclined for- 
wards, forgetting that such an inclination 4 would lift the 
base in the rear, 9 replied, ' It seems hardly to require an 
answer. 9 The reason that I have never answered Hare's 
4 Strictures on Prof. Dove's Essay on the Law of Storms * 
is, that as long ago as in the year 1828 I had published a 
paper on Thunderstorms, and therein given at length my 
reasons for considering that the electrical phenomena 
which accompany heavy showers were only secondary 
phenomena. There was, accordingly, no need for me to 
controvert an explanation which interprets the origin of 
storms, on the assumption that the atmosphere is placed 
between two oceans of electricity of opposite kinds, one 
of which is terrestrial, the other celestial. 

The disturbance which we have been considering did 
not terminate in February, for there were violent storms 
in March and April. Martin has discussed them fully in 
' A Memoir on the Equinoctial Storms of March — April 
1850 ; an Inquiry into the Extent to which the Rotatory 
Theory may be applied,' 1852, 8vo. 

Snowstorm in December 1850. 

A good example of this type of storms is to be found 
in a snowstorm which has been investigated by Spassky.* 

* Note 8ur la Tempete cTHiver qui a fait oeaucoup de Dtsastres a Kalouga, 
Toula, et a Kursk entre h 9 — 11 Dec, 1850 (Note on the Snowstorm which 
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This storm lasted for from thirty to forty-eight hours, from 
the 9th to the 11th of December, without intermission. A thaw 
had preceded the violent NW. gale ; but the first gust caused 
the thermometer to fall about 40° Fahr. below the freezing 
point; so that persons caught out of doors fell dead, being buried 
in the drifting snow, some close to their own homes. After the 
storm 311 persons were found frozen to death in the government 
of Kaluga, 140 in that of Tula, and 39 in the district of Kursk. 
It is probable that many more are as yet undiscovered, owing to 
the depth of snow. Houses were blown down ; and even horses 
yoked to the sleighs were frozen to death. This atmospherical 
revolution was the result of the struggle between the two cur- 
rents of air, by means of which Professor Dove's theory enables 
us to explain most atmospherical phenomena; and yet many 
physicists continue to dispute its truth, in spite of plain proofs 
like the above, which cannot be explained on any other hypo- 
thesis. In order to convince us that all the characteristic 
phenomena of the atmosphere were in exact accordance with 
Professor Dove's theory during this storm, we have only to 
refer to the observations at Moscow. Before November 6 the 
polar current had prevailed there, wind N., the barometer 
29*865 inches, thermometer — 0°*625. This gave way on the 
6th to the equatorial current; so that the barometer fell to 
28*486 inches before the 9th, while the thermometer rose to 28°*4, 
and the vane shifted through S. to SW. After the polar cur- 
rent had yielded in this manner to the first attack, it collected 
its forces to repulse the foe that had forced it back. There was 
a lull on the morning of the 9th, to which succeeded the N. 
wind until the 11th, the barometer rising from 28*486 inches to 
29*149, and the thermometer sinking from 28° 4 to — 6°*25. 
On the evening of the 11th there was a fresh lull, on the 12th 
the equatorial current again, the wind shifting to SW. ; the 
thermometer rising on the morning of the 13th above the freezing 
point, and the barometer sinking on the same day to 28*610 
inches. 

caused such Disasters at Kaluga, Tula, and Kursk between the 9th and 
11th of December, 1850). 
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Storm in December 1855 and January 1856. 

In November 1855, the sirocco had been remarkably 
violent in the Mediterranean, and had committed great 
havoc, especially in Sicily, owing to the very heavy rains 
which accompanied it. In a circular issued by the 
Governor, Prince Oastelcicala, on November 22, the 
damage done by the inundations in the vicinity of 
Messina is estimated at 5,000,000 ducats, and contribu- 
tions to relieve the distress are requested. At Cantazaro, 
on November 17, the hurricane destroyed the mulberry 
plantations, as the soil was washed away from all the 
lands which lay close to the river. Up to the end of 
November the mills were so choked with mud as to be 
useless, and a scarcity of bread ensued. At Beyrie (De- 
partment des Landes), 8-5 inches of rain fell in ten days, 
between October 27 and November 5, being one-third of 
the mean annual quantity at that place. During the 
storm there fell at Ancona 1*57 inches of rain on Novem- 
ber 19, 1-85 on the 20th, and 311 at Bologna on the 10th. 
The Morea was visited by such storms that the Eurotas 
rose 30 feet in a night, while all the brooks became rivers 
and overflowed their banks. A frightful storm raged at 
the Sulina mouth of the Danube from the 10th to the 13th, 
thirteen ships went ashore, and eight of them became 
total wrecks. At Sebastopol on the 24th there was a 
high S. wind, the rain fell in torrents, and the roads 
became fathomless lakes of mud. No trace of these vio- 
lent rains is to be found in Northern Germany. The 
weather had been unusually fine throughout October, and 
in November only half of the usual quantity of rain had 
fallen. This is shown most clearly by a comparison of 
the quantities observed on the southern slope of the Alps 
with those observed in Bohemia and Gallick. The re- 
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spective amounts, in inches, for the month of November 
were, at Curzola 14*37, at Kagusa 10-7, at Valona 9*95, 
at Santa Magdalena (near Idria) 12*96, at Trieste 7*86, at 
Laibach 9-51, at Santa Maria (although at such a height 
above the sea) 9*50, while at Prague it was 0*53, at 
Cracow 0*58, and at Lemberg 0*25. The first cold, be- 
tween the 2nd and 6th of November, came from the W., 
so that snow fell in Paris before it did in Berlin, but the 
greatest cold came from the NE. At Smyrna, ever since 
the beginning of December, the rain had been falling in 
torrents, and the sultry weather had given rise to frequent 
thunderstorms, while the barometer in East Prussia rose 
steadily, as the wind shifted from NE. towards E., and the 
cold reached such an intensity that at Claussen, on the 
Lake of Spirding, between Lyck and Arys, the tempera- 
ture from December 2 to 6 sank 31°'l below its normal 
height, and the thermometer stood at — 22° # 2 on the 10th. 
On the 11th at Zechen, near Guhrau in Silesia, the tem- 
perature was — 6°*4. On the 13th post carriages of all 
kinds crossed the Vistula and Nogat, on the ice, at Dir- 
schau and Marienburg. The cold on the Ehine was less 
intense, relatively, but extended at a later period towards 
the W. from Pomerania, and in the middle of the month 
it became more moderate at all the western stations, 
where at the same time westerly winds prevailed. At this 
time the barometer at Memel rose 1*537 inches, viz. from 
29-208 to 30-745, between the morning of the 16th and 
evening of the 19th. At Konigsberg the barometer rose 
1-56 inches, while the wind veered gradually from SW. 
towards W., NW., N., to K, and the thermometer fell so 
rapidly that the mean temperature of the 16th was 33°-9, 
of the 17th 27°1, and of the 18th -2°-0. At Cracow the 
temperature fell 59°-0 (from 36°-5 to ~22°-5) between the 
16th and the 20th ; at Oderberg 54°-2 (from 38°-7 to 
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-15°-5); at Brunn 51°-5 (from 41°-4 to -10°1) ; at Iienz 
49°-0 (from 47°-7 to -l°-3) ; at Klagenfurt 43°1 (from 
37°*8 to — 5°*3) ; however, at all these southern stations the 
lowest temperature occurred on the 21st. This extended so 
far to the southward that even at Nice the temperature was 
below the freezing point on that day. The polar current, 
which had caused the barometer to rise to such an un- 
usual height, owing to the resistance which it had met 
with, began now to force its way with irresistible vehe- 
mence towards the S. On the 6th the Putrid Sea, 
and a great portion of the Sea of Azof at Genitsche, had 
been frozen over, and on the 16th the Danube froze at 
Galatz, the temperature being — 6°*2. At Odessa the ther- 
mometer fell to — 26°-5 ; and two women, who were on 
their way to the town from a village in the neighbour- 
hood, were frozen to death before they had got out of 
sight of their own house. On the same day, at Smyrna, 
the wind shifted from S. to N., and the thermometer fell 
from 65°-7 to 29°-7. From the evening of the 18th to 
the 21st a tremendous storm from the NE. raged in the 
Black Sea. Of thirty-six ships which had run out to sea 
from the Sulina mouth, thirteen Piedmontese, eight Greek, 
three Austrian, and one Tuscan were lost, with about 300 
men. The fate of the other vessels was unknown at 
Galatz on January 7 ; it was only known that double the 
number of wrecks had occurred at other points. In the 
night of the 18th the thermometer fell'from 47°-7 to — 8°-5 
in the S. of the Crimea, and stood at + 5 o, on the morn- 
ing of the 19th at Sebastopol. Forty-five vessels were 
lost here, among which was the British steamer Caledonia, 
and the Cortes, an American ship. An Austrian transport, 
laden with cattle, ran into Sebastopol Eoads, and was sunk 
by the fire of the Eussian batteries. The crew were, 
however, saved and landed under the French batteries. 
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At Kamiesch fourteen ships went ashore, and the corpses 
of the crews were washed away as often as they were 
thrown on shore, so that it was not until the 23rd or 24th 
that they could be collected and buried. Even from 
Bombay we have accounts of a very unusual degree of 
cold on December 17. On the 19th there was such a 
storm in the British Channel that all intercourse between 
Portsmouth and Spithead was interrupted. The Queen of 
the South, which was bound for Malta with troops, had to 
come to an anchor at Spithead. An English and a Spanish 
steamer foundered in this storm off the coast of England. 
At Kilkee, on the coast of Ireland, the sea was so rough 
on the 20th, after the storm was over, that while a party 
were watching the grand spectacle of the waves breaking 
on the Puffing Hole Table Eocks, a sea rose suddenly and 
washed away two of their number, Iieut-Colonel Pepper 
and Miss Smithwick, whose bodies were never recovered. 
In Scotland the following remarkable phenomenon was 
observed : — The water of the Tweed, Leithen, Teviot, 
Gala, and Doon fell suddenly on the 19th, and in the 
Doon it rose again to its former level on the 22nd, carry- 
ing with it a large quantity of ice. The 22nd was the 
coldest day here (temperature 22°'l). At Greenwich it 
was 16°-9. A similar sudden fall of the water had been 
observed in the Teviot in the severe winter of 1799, and 
again in November 1838. It had been explained by a 
supposed stoppage of the stream by ice. On the same 
day the Seine was frozen over at several points near Paris, 
and the reports from the south of France complain of un- 
usual cold. We can trace, from the fact that the coldest 
day in East Prussia was the 20th, in Central Germany 
and Northern Italy the 21st, and in England the 22nd, 
the gradual extension of the cold towards the W. during 
the escape of the cold air, which had reached its maxi- 
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mum of accumulation on the 19th. The storm in the 
Channel and on the south coast of Ireland was from the 
SE. 

In the following table I subjoin the values for the baro- 
metrical maximum and the thermometrical minimum 
given by the observations at the various stations through 
Germany and France. The height of the barometer given 
is the excess observed on the 19th above the mean height 
for the month, in the third column the lowest tempera- 
ture is given, and in the fourth the date at which this 
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temperature was observed. It is only necessary to re- 
mark further, that besides the temperatures at Claussen 
and Zechen, already given, the absolute minimum at 
Neunkirchen was 4 0°'l on the 12th ; at Frankfort on the 
Maine — 1°-7 on the 11th. 
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At Lisbon the maximum height of the barometer, 0*435 
inches above its mean monthly level, was not observed till 
the 30th, the minimum temperature 34°*9 on the 6th. At 
Funchal in Madeira the maximum barometrical excess, 
0*393 inches, was observed on the 23rd. 

The month of December 1855, as regards the unusual 
height of the barometer, and the atmospherical pheno- 
mena which accompanied it, exhibits a striking similarity 
with the month of January 1850, which was so remark- 
able for its intense cold in Prussia. The analogy was so 
perfect that, as in 1850, the sirocco which had lasted for 
-a long period brought a fall of red snow in Switzerland ; 
so in 1855 red rain, so-called ' blood rain,' was observed in 
the same country. In 1850 the equatorial current, which, 
in its progress northwards, was forcing back the polar 
current, was repelled again in its turn, and did not succeed 
in forcing a passage until after a second slight barometrical 
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minimum. This was also the case in 1855. The equa- 
torial current made its appearance, on 'the Danube, on 
January 8, 1856 ; the thermometer rose suddenly from 
ll°-7 to 59 o, 0, so that the breaking up of the ice was 
unusually accelerated. On this day the barometer in 
Germany sunk to its minimum height in January, and 
even on the frontier of Poland the temperature rose two 
degrees above the freezing point. In Lisbon this minimum 
occurred on the 6th, and was 1-18 inches below the mean 
height of the preceding December. On the 6th the tem- 
perature began to fall again in Germany, and the baro- 
meter to rise, reaching a maximum on the evening of the 
13th. On the same day the temperature on the Lower 
Danube fell from 59° to 5°, with a violent NE. wind. 
The change of temperature in the Crimea was just as 
remarkable. On the 12 th, at Sebastopol, the sun was 
warm, and the air was delightfully mild; on the 13th 
rain fell in torrents, and that evening frost set in, so that 
the ink froze in the pens, and the water in the barracks, 
the thermometer falling to 11°-1 — a change of 38°-3 in 
twenty-four hours. Immediately after this barometrical 
maximum, which was the last effort of the northern 
against the southern current, the latter gained a decided 
victory. 

A spring temperature was felt over the whole of Europe 
to such an extent, that at Stockholm the temperature, 
which had been — 6°-6 on the 11th, rose above the freez- 
ing point before the 15th, and in Berlin it did not once 
fall below it between the 16th and the 29th of the month. 
The point where the two currents met in the Mediterra- 
nean lay, on this occasion, more to the westward than in 
the preceding December ; and consequently the ship- 
wrecks occurred chiefly on the south coasts of France 
and Spain. A tremendous storm raged in the Mediterra- 
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nean from the 14th to the 15th. The sea reached a great 
height near Cette ; and the railway embankment between 
Cette and Frontignan was damaged to such an extent, 
that all traffic was interrupted. On the 16th, thirteen 
vessels were on shore within sight of Gibraltar. Similar 
accounts are reported from Cadiz, La Cortadura, Cape 
Trafalgar, Conil, Chichorra, and the mouth of the Gua- 
dalquivir. The English frigate Apollo was lost on the 
passage from Constantinople to Malta. In every place 
where the warm S. wind came in contact with the ground, 
on its descent from above, the aqueous vapour of this 
sirocco, which I have long ago proved to be the Trade- 
wind on its return from the West Indian seas, was con- 
densed, and gave rise, as before, to great floods. At 
Lisbon, in Jan. 1856, 10*14 inches of rain fell in twenty- 
nine days. In Spain also the rain lasted through the 
whole month ; so that on the 23rd, at Seville, in the 
Triana quarter of the town, the water reached the bal- 
conies of the houses, and the Governor went about the 
streets in a boat to distribute assistance. In the Tagus 
seventeen corpses were counted passing Aranjuez ; and 
in Portugal the houses close to the river fell, in conse- 
quence of their foundations having been washed away. 
An account from Leghorn of the 12th says : ' We are 
here again threatened by an inundation, which bids fair 
to rival that of last year. The whole country from Pon- 
tendera to Empoli and Prato, and as far as Iigne, six or 
eight miles from Florence, is flooded. The water rose so 
high at Pisa as to cause very great alarm. A high W. 
wind prevails, the temperature is high, and there are 
occasional thunderstorms/ 

A thunderstorm of great violence passed over Clermont, 
Les Mesneux, Gorsdorf, and Vendome on the 24th. The 
Loire at Nantes was 15*55 feet above its lowest level ; 
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and between the 24th and 29th the Garonne rose above 
its banks at Bordeaux, as the Lot had been swelled by 
constant rain. In contrast to this, only 0*51 inches of 
rain fell in Algiers in January, so that the dryness of that 
month was remarkable. 

The table of the barometrical maximum on the 13th 
and 14th of January, at the Prussian and Austrian stations, 
is here subjoined. It is calculated in English inches, like 
that for the previous December, which has been given 
above. We see by it that the effect of the meeting of 
the two currents was more decidedly marked to the SW. 
than to the NE. : — 







GEBMANY. 






Mannheim . 


. 0-632 


Brocken . 


. 0-654 


Putbns . . 


. 0-645 


Frankfort on 


the 


Clausthal . 


. 0-676 


Stettin . . 


. 0-679 


Maine . 


. 0-671 


Ballenstedt 


. 0-691 


Colberg . . 


. . 0-628 


Giessen 


. 0-701 


Heiligenstadt 


. . 0-630 


Coslin . . 


. 0-592 


Treves . . 


. 0-648 


Muhlhausen 


. 0-724 


Frankfort on 


the 


Neunkirchen 


. 0-599 


Erfurt . . 


. 0-689 


Oder ., . 


. 0-688 


Kreuznach 


. 0-671 


Ziegenriick 


. 0-718 


Gorlitz . . 


. 0-719 


Boppard . 


. 0-705 


Halle . . 


. . 0-753 


Zechen . . 


. 0-689 


Cologne 


. . 0-732 


Torgau . . . 


. 0-700 


Breslau . . 


. 0-697 


Crefeld . . 


. 0-736 


Berlin . . 


. 0-714 


Ratibor . . 


. 0-653 


Cleves . . 


. 0-771 


Salzwedel . 


. 0-746 


Posen . . . 


. 0-652 


Emden . . 


. . 0-761 


Hinrichshages 


. 0-645 


Bromberg . 


. 0-659 


Lingen . . 


. 0-799 


Schonberg . . 


. 0-717 


Conitz . . . 


. 0-569 


Paderborn 


. 0-732 


Schwerin . 


. 0-720 


Schonberg . . 


. 0-643 


Minister . 


. 0-691 


Poel. . . . 


. 0-689 


Dantzic . . 


. 0-563 


GKitersloh . 


. 0-755 


Kostock 


. 0-662 


Konigsberg 


. 0-492 


Liineburg . 


. . 0-689 


Goldberg . 


. 0-640 


Claussen . 


. 0-468 


Otterndorf . 


. 0-726 


Sulz .... 


. 0-642 


Tilsit . . 


. 0-484 


Hanover . 


. 0-766 


Wustrow . 

aust: 


. 0-671 
RIA. 


Memel . . 


. 0-488 



The sequence of the stations in the following table is 
not strictly from south to north, as the extent of the area 
over which the observations were extended would not 
permit of such an arrangement : — 



Curzola 


. . 0-589 


Parma . . 


. . 0-663 


Adelsberg . 


. 0-664 


Ragusa . . 


. . 0-584 


Sondrio 


. . 0-573 


Zawalje 


. 0-638 


Zara . . 


. . 0-541 


Milan . . 


. . 0-669 


Funfkirchen 


. 0-718 


Trieste . . 


. . 0-678 


Bologna 


. . 0-634 


Szegedin . 
Laioach 


. . 0-661 


Urbino . . 


. . 0-562 


Botzcn . . 


. . 0-639 


. . 0-719 


Venice . . 


. . 0*690 


Meran . . 


. . 0-586 


Wilten . . 


. 0-487 



r 2 
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0-707 


Czaslau . * 


. 0-706 


Czernowitz 


. . 0-585 


0592 


Leutschau . 


. . 0-626 


Schossl . . 


. . 0-746 


0-659 


Salzburg . 


. . 0-662 


Obervellach 


. . 0-679 


0-704 


Melk . . 


. . 0-672 


Linz . . . 


. 0-555 


0-718 


Trautenau . 


. . 0-625 


Rremsmiinstei 


• . 0-682 


0-664 


Althofen . 


. . 0-547 


Tropolach . 


. 0-669 


0-662 


Lienz . . 


. . 0-666 


Cracow . . 


. 0-613 


0-575 


Schemnitz . 


. . 0-601 


Heiligenblut < 
Innichen . . 


. 0-460 


0-572 


Leipa . . 


. . 0-675 


. 0-546 


0-321 


St Peter . 


. . 0-665 


Markt Aussee 


. 0-567 


0-719 


Kahlenberg 


, . 0-670 


Reichenau . . 


. 0-688 


0-688 


Pilsen . . 


. . 0-723 


Klagenfurt 


. 0-702 


0-487 


Piirglitz 


. . 0-762 


Admont . « 


. 0-535 


0-611 


Hermansstadt 


. 0-654 


Sta. Maria. . 


, 0103 


0-715 


Neusohl . . 


. 0*955 






0-664 


Senftenberg . 


. 0-678 







Cilli . . . . 
Sta. Magdalena 
Debreczin 
Vienna . 
Olmiitz . 
Rzeszow 
Jaslo 
Lemberg 
Oratz . 
Gastein 
Prague . 
Briinn . 
Alt-Aussee 
St Jacob 
Tirnau . 
Bodenbach 



The last station, which is at a great height, seems to 
show that the equatorial current was never interrupted at 
this level, and that the polar current, blowing in the 
opposite direction, was only able to effect an entrance 
into the lower strata of the atmosphere. Subsequent to 
the maximum, southerly winds replaced those from the 
north over the whole district. 

At the first appearance of the equatorial current, in the 
beginning of January, the polar current, finding its way 
blocked up in Europe, seems to have forced a path for 
itself in America. This is shown by the fact that on the 
5th a storm raged, for from fifteen to eighteen hours, across 
the whole continent, from Virginia to California, with 
such violence as to stop even the railway traffic. This 
was followed by a very heavy fall of snow, while the 
thermometer fell to — 15°-25. 

A very characteristic and distinctive mark of the storms 
which arise from the interference of two opposite currents 
is, that the fluctuations of the barometer, which are ob- 
served when the wind changes its direction, are accom- 
panied by great variations of temperature. On the path 
of an advancing cyclone the direction of the wind shifts 
from one point of the compass to that which is opposite 
to it : and after the lull, the barometer begins to rise 
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again as quickly as it had fallen before it ; but the tem- 
perature remains unchanged, inasmuch as, in its advancing 
course, the air, moving in spirals, may pass, perhaps, twice 
over each station, over which the cyclone travels. Con- 
sequently, in this instance, there is no connection between 
the temperature and the direction of the wind. Another 
important difference is, that every storm in* the torrid 
zone travels along a clearly defined track, along which 
no others ever return in the opposite direction ; whereas 
the storms of the temperate zone are often characterised 
by such an oscillation, backwards and forwards, as that 
described. Hence it is at the very outset unjustifiable, 
when (in cases similar to that just considered) the currents 
which are striving to drive each other back produce a 
local whirlwind, to identify this with a cyclone. In this 
case the expression, ' clear-weather side of a storm/ which 
is used by Eedfield, may possibly indicate winds which, 
even if they have a rotatory motion, are yet not necessa- 
rily cyclones. In such an instance as this the thermometer 
would serve as a guide, when the vane and the barometer 
leave us in uncertainty as to the character of the storm 
T^th which we have to deal. 

The Storm of January 17, 1818. 

I am disposed to attribute the great storm in Eastern 
Prussia, to which allusion has already been made (p. 157), 
to a strife between the polar and equatorial currents, in 
consequence of the following facts : — 

On December 10, 1817, a very severe frost set in at 
Archangel, with a NE. wind, so that the thermometer fell 
to -19°-75 on the 11th, and -33°-25 on the 14th, and 
the barometer reached its highest level — 30*683 inches 
(reduced to 32°) — on the evening of the 13th, the wind 
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still continuing in the E. and SE. points. At Dantzic the 
barometrical maximum — 30*214 inches — was not ob- 
served until the 17th, the wind having been at first from 
the N., and then from the E. The cold at Archangel 
was mitigated by westerly winds, which prevailed for a 
short period, and the temperature rose to + H°*75 by 
the 20th ; but as the wind returned to the NE. and 
SE., the temperature fell to —44°, and was — 38°*9 on 
January 1, 1818. The barometer now began to indicate 
the approach of a south wind by its fall ; and this wind set 
in on the 3rd, raising the thermometer to the freezing 
point on the 4th, so that the change of temperature in 
three days was 70°*4 (from -38°*9 to + 31°*5). This 
mild temperature continued, with slight intermissions, 
until the barometer reached its lowest level — 28*252 
inches — on the evening of the 16th, 2*431 inches below 
the maximum of the preceding month. The shift of the 
wind during the hurricane of the 17th at Konigsberg was 
S., SW., W., NW. ; and fourteen miles from that city 
there was a thunderstorm. The barometer fell from 
30*788 inches on the 3rd to 28*879 inches on the 18th— 
1909 inches in fifteen days ; while the thermometer rose 
from -18°*8 on the 3rd to 34°*7 on the 4th (53°*5 in 
four days). The wind shifted from E. to SW. ; and the 
warm weather lasted so long, that we soon saw the green 
fields without snow. At Dantzic the barometrical maxi- 
mum, on the 3rd, was 30*586 inches, and the temperature 
on the next morning was —4°, with a SSE. wind. In the 
course of the succeeding night, sheet lightning heralded 
the approach of the equatorial current, which came on 
during the night of the 6th as a S. wind, and then shifted 
through SSW. to W., bringing on a thaw. The barometer 
fell to 28*890 inches on the 17th, the wind shifting from S. 
to W. ; but rose to 30*152 inches by the 20th, when the 
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wind had become WNW. Howard says that during the 
violent storm of the 15th, the Elbe at Hamburg rose to 
such a height that the lower parts of the town were 
flooded, and the people had to go about the streets in 
boats. The storm did great damage at Stettin and 
Konigsberg. At Edinburgh there was ' a perfect hurri- 
cane* at 5 p.m. on the 15th, the barometer having fallen 
0*8 inches in the morning. At the west end of Princes' 
Street, the minarets of St. John's Chapel were all blown 
down, great and small, so that the top of the tower was a 
complete wreck. Howard gives the character of the 
month for London as ' a succession of gales' This wild 
weather did not cease at once ; for Buek ( 4 Climate and 
Weather of Hamburg '), who enumerates only four 
hurricanes at that place in the course of thirty years, 
mentions one on February 27, 1818, accompanied by a 
high tide. Howard says of February,. * Winds change- 
able ; at the end of the month stormy from the W.' 
The Journal of Observations at Dantzic gives westerly 
winds during the whole month, with a barometrical min- 
imum of 29*009 inches on the 26th, with a temperature 
of about 36° or 37°, and a high W. wind, succeeding a 
barometrical maximum of 30*286 inches on the 17th, 
showing that the struggle was not even then concluded. 

It is evident that the original disturbance of the equili- 
brium,- which we have been unable to examine more 
accurately, in consequence of the want of a sufficient 
number of stations of observation, was due to the intrusion 
of the equatorial current into a district in which the polar 
current had prevailed for a long time, and had produced 
a very intense degree of cold. The whole series of storms 
followed from this interference. We hear from Edin- 
burgh, on January 3, ' Notwithstanding the severe and 
uninterrupted frost, there is very little snow lying ; ' and 
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on the 14th, 6 At ten o'clock on the evening of the 12th 
a SW. wind set in, with heavy rains, and became a perfect 
hurricane in the course of the night.' Farther to the 
south the equatorial current had set in much earlier ; for 
while in London the temperature on the 11th was + 14°-0, 
in the Bay of Biscay there had been a terrific storm ever 
since the 9th, and between the 7th and 8th twenty vessels 
were wrecked on the coast of France, between Brest and 
St. Malo. On the 15th there was a thunderstorm at 
Whitehaven, of a violence ' such as perhaps had never 
been experienced in that district.' These storms were 
very severe on the south coast of England. A letter from 
Jersey of December 19, says : ' For several days we have 
had continual storms, with heavy rain and hail, while the 
wind has been shifting about between NNW., W., and SW.' 
The instance which Loomis has recently investigated 
(' On certain Storms in Europe and America '), of the 
storm which lasted from the 21st to the 28th of December, 
1836, confirms, for the district of Europe, in a very intel- 
ligible manner, by means of coloured maps, the view 
which I have taken of such phenomena in my ' Eepresen- 
tation of the Phenomena of Temperature by means of 
Five-day Means.' This storm had been immediately pre- 
ceded by an analogous storm in America. 

Storm in February 1823. 

In the case of all. the storms which have been described, 
with the exception of that of January 17, 1818, we have 
found ourselves on the polar side of the line of contact cf 
the polar and equatorial currents. If there were a series 
of stations extending from the northern coast of Africa 
into the interior, we should be in a position in which we 
could examine the equatorial current more closely, and 
perhaps follow it back to the point where it first comes 
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down to the earth on its return, as counter-trade-wind, 
from the upper regions of the atmosphere. We must, how- 
ever, abandon the hope of obtaining any meteorological co- 
operation for that region, and must therefore content our- 
selves with looking for an instance in which the battle- 
field of the currents, which is usually on the shores of the 
Mediterranean sea, has been, by chance, moved to the 
northward of that district. This was the case on the 2nd 
and 3rd of February, 1823, so that in this instance we 
are in a position to add observations of the barometrical 
minimum, which ensued along the northern boundary of 
the equatorial current, in order to supplement the 
maxima which have been before described, and thus to 
take a general view of the entire phenomenon. In the 
year 1828 I published my investigations upon this storm, 
from which it appears that the barometrical minimum had 
been preceded by unusually cold weather in France and 
Germany, which had set in on December 8, 1822. At 
Strasburg the frost had lasted 50 days in succession, longer 
than had ever been known there before, according to 
Herrenschneider ; and at Paris there had been a NE. 
wind for seventeen successive days, with a high barometer. 
At last, on January 15, a SW. wind set in and was felt 
as far as Dantzic, the temperature rising accordingly. 
Fresh easterly winds brought fresh cold, so that by the 
24th the barometer had risen again at Dantzic, and 
the thermometer had fallen to — ll°-9. At Paris the 
barometer continued low and the sky overcast, in spite of 
the fresh cold, as the SW. wind still continued in the 
higher strata of the atmosphere. This is proved by the 
facts that while the temperature at Iiddes in the Valais 
was + 9°-5 it was + 6 0, 1 at Martinach, which lies at a 
lower level ; and that at Joyeuse, at the foot of the 
Tanargue, which stands up like a perpendicular wall, 
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5,000 feet high, more than an inch of rain fell from the 
warm upper current, at a time when the ground was frozen, 
and snow fell farther to the southward. On the 2nd and 
3rd of February, the barometrical minimum occurred, and 
the depression below the mean level is given in the 
following table, in inches : — 



Gosport . . 


1-367 


Nismes . . . , 


1-376 


Berlin . . 


. 0-950 


London . . . 


. 1172 


Avignon . . 


1-376 


Breslau 


. 1154 


Boston . . . 


0-977 


Strasburg . . 


1-332 


Leobschutz 


. 1154 


Dieppe . . . 


1-287 


Kreinsmunster 


1-209 


Altona . . 


. 0-977 


Zwanenburg . 


. 1-243 


Vienna . . . 


1199 


Apenrade . 


. 0-817 


Cologne . . 


. 1-243 


Prague . . . 


1-199 


Dantzic . . 


. 0-924 


Paris . . . 


. 1-270 


Peissenberg . 


1-200 


K6nig8berg 


. 0-808 


Tubingen . . 


. 1-305 


St Gall. . . 


. 1-181 


Tilsit . . 


. 0-728 


Ratisbon . . 


1-261 


Milan . . . 


1-163 


Mitau . . 


. 0-666 


Nuremberg . 


, 1-243 


Molfetta . . 


0-977 


St Petersburg 


. 0-373 


Geneva . . . 


. 1-243 


Jena .... 


. 1-074 


Archangel . 


. . 0-355 


St. Bernard . 


1-243 


Ilmenau . . 


. 1-110 


Christiania 


. . 0-222 


Joyeuse . . 


1-287 


Leipzic . . . 
Halle . . . 


1128 






Toulouse . . 


1-332 


1110 







At Eeikiavik, in Iceland, the barometer stood 0*435 
inch above its mean level. 

The observations on the direction of the wind give : — 

In North Germany, England, Norway and Eussia, 
NR, and N. 

In Central France and Germany a nearly dead calm; on 
St. Bernard, SW., on the Peissenberg, W. 

At Lisbon and Constantinople fearful storms, at Genoa 
a very heavy sea produced by a storm. 

At Joyeuse 2*4 inches of rain fell on January 11, and 
1-3 on February 2. At London 0-98 inch on the 1st 
and 2nd. 

At Avignon the Ehone rose to a level before unheard 
of in the month of February. This was attributed to a 
sudden thaw in the Alps. 

The barometrical observations show two points of mini- 
mum pressure ; one on the west coast of England, the 
other on the south coast of France, advancing from the 
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SW. towards the NE. The extent of the depression 
decreases rapidly as we go in a northerly direction, 
becoming insignificant in Norway and the north of Eussia. 
After the minimum the barometer began to rise rapidly 
with a return of frost. At Konigsberg the thermometer 
stood at 38°-7 on January 31, 58*5 degrees higher than 
it did on the 25th, when the reading was — 19°-8. On 
February 1, the NE. wind set in, at first gently, but after- 
wards grew stronger, and brought the thermometer down 
to — 8°*0 by the 7th, and the barometer up to 30*359 
inches on the following day, 1*261 inch higher than it 
stood on the 3rd. At Dantzic the thermometer fell from 
34°-2 on the 1st, to — 5°-3 on the 8th, and the barometer 
rose 1*225 inch during the same period. At St. Peters- 
burg the NE. wind continued throughout, without inter- 
ruption, but the barometer rose from 29-457 inches on 
the 1st, to 30-407 on the 6th, and the temperature fell 
from + 12°-7 to — 22°-7. At Archangel the barometer 
rose 0*721 inch, and the temperature fell from +1 0, 6 
to — 35°-5 between the 1st and 5th. 

A general glance at, these observations shows us that a 
northerly current forced its way into the southerly one, 
which had been prevalent over the whole of Europe and 
down into the Mediterranean, and that this polar current, 
which advanced from NE. towards SW., by increasing the 
pressure along its path, had divided the barometrical 
minimum into two portions. Along the boundary linq, 
between the two currents we find that fogs ensued. In 
the Journal of the Eoyal Society in London we read : ' a 
most intense fog on the morning of the 3rd, 9 and the same 
was the case at Konigsberg, Dantzic, Vienna, and Tubingen. 
The cause which disturbed the advance of the minimum, 
viz. the NE. wind, set in at Konigsberg as early as on the 
morning of the 1st, but was not observed until later at 
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the southern stations. From the barometrical observations 
we obtain the total pressure due to the prevalent southerly 
wind, and to the partial intrusion of the northerly wind, 
so that we find two distinct agencies simultaneously affect- 
ing the barometer ; one of them advancing from SW. 
towards NK and depressing its level; the other advancing 
in the opposite direction and causing it to rise. 

The latest example of this class of storms is the violent 
storm of February 9, 1861, at Dublin, according to a 
communication which I have received from Mr. Eobert ' 
H. Scott. On this day the difference of level of the baro- 
meter between Dublin and Limerick was upwards of an 
inch. Professor Haughton gives the following account 
of the storm * : — 

This storm constitutes an admirable example of Dove's second 
kind of storm, outside the limits of the Trade-winds. In this 
class of storms there is a direct opposition between the SW. or 
equatorial current, and the NE. or polar current of air; there 
is generally a succession of non-cyclonic gales, NK and SW. ; 
and when the SW. wind gives place to the NE. there is a rising 
barometer and minimum temperature corresponding to the time 
of the storm. The following facts plafce the peculiar and non- 
cyclonic character of this storm beyond all doubt : — 

In Dublin a wave of atmospheric pressure occurred, of eight 
days four hours duration, the two crests of the wave being — 

First Crest — Feb. 1, 22 hours, 30-70 inches. 
Second Crest — Feb. 10, 2 hours, 30-48 inches. 

and the hollow of the wave being — 

Feb. 5, 2 hours, 29*00 inches. 

The gale, or storm, occurred of maximum violence — 

Feb. 9, 10 hours — velocity, 24 miles per hour. 

* ' Proceedings of the Royal Irish Academy/ vol. vii. part 13. I have 
been kindly permitted by the Academy to borrow the accompanying 
woodcut— Trans. 
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The accompanying diagram (p. 253) shows all the circumstances 
of the week preceding the storm. We see that the equatorial wind 
(SW.) continued from February 2 to the evening of February 7, 
when it gave way to a W. wind, and finally settled, at 10 p.m. of 
the 8th, into a NNE. polar current, at which point it held 
throughout the storm, which reached its maximum twelve 
hours after the NNE. wind began to blow. On the night of 
February 9, it blew from the NE., and so continued for forty 
hours afterwards. The temperature during the prevalence of 
the SW. wind and falling barometer was mild, and the air 
damp, producing a feeling of closeness, from the vapour present 
in the air. For eight days previous to the minimum height of 
the barometer, the mean temperature was 49°*7, while, during 
the three days following the minimum of the barometer, the 
mean temperatures were — 



February 7th, at 10 a.m. . 


. 42°-5 


„ 8 th, „ 


. 40-8 


„ 9th, „ 


. 35 *1 Maximum of gale, 



Mean . . 39°-4 

This shows a rising barometer, a falling thermometer, reaching 
a maximum and minimum respectively at the time of the storm. 
Such a phenomenon cannot by possibility be confounded with a 
cyclone, which has a minimum barometer before and up to the 
middle of the storm, and no such relation of the gale to tem- 
perature as Dove has pointed out in the class of storms to which 
that of February 9 unquestionably belongs. The storm of the 
9th was also only the first of a series arising from the same cause 
— viz. the direct and non-cyclonic collision of the equatorial 
and polar currents of air. A second gale occurred on the night 
of the 18th, which was felt severely at Drogheda, Dunmore East, 
and Penzance, and caused the loss of several vessels. At all 
three places the wind blew steadily from the SE. A third 
storm has been reported from London, Chichester, Plymouth 
and other places on the evening of February 21# It was felt in 
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Dublin from the SSW., but not severely. At 7 p.m., in London, 
it was felt at its height ; and it is said to have reached 361bs. 
per foot, and it had sufficient force to blow down the spire of 
Chichester Cathedral. According to Dove's theory, these two 
storms are supplements to the storm of the 9th, and not distinct 
cyclonic movements. 
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III. — Storms produced by the Mutual Lateral 
Interference of two Currents flowing in op- 
posite directions. 

If the two currents, on coming in contact with each other, 
have altered their paths through any angle, so that they 
flow in opposite directions in parallel channels, the follow- 
ing question arises : — What conditions will cause mutual 
lateral displacement after such a state of things as that 
described is once in existence ? The most obvious cause 
is to be found in the fact that the cold air of the polar 
current exerts a greater lateral pressure than the warm 
air of the equatorial current, and, therefore, has a tendency 
to displace it. If the two currents flow in distinct chan- 
nels close to each other, and if, moreover, the retardations 
produced by their contact have ceased, the mean velocity 
of both will increase. The velocity of the equatorial cur- 
rent will increase more rapidly than that of the polar, 
inasmuch as the former flows in a channel which is con- 
stantly contracting, the latter in one which is constantly 
expanding. Owing to the fact that the equatorialteurrent 
continues for a shorter time in contact with the surface of 
the earth, it will be retarded by friction to a less extent 
than the polar current will be accelerated by the same 
cause ; or, in other words, the equatorial current will 
be more deflected towards the W., than the polar 
towards the E. If, e.g., the bed of the former lies in 
Europe and of the latter in America, the former will have 
a tendency to move away from the line of contact, and 
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thereby will induce the polar current to diverge, as a NW. 
wind, from its own bed in order to fill the vacuum. If 
the conditions be reversed, the equatorial current will 
have a tendency to force its way into the bed of the polar 
current in a more westerly direction than that of its own 
proper course. This interference will take place at first 
in the upper strata of the atmosphere, in consequence 
of the greater density of the polar current. If the resist- 
ance offered by the polar current be so great that the 
equatorial current cannot force an entry, a cyclone in the 
direction S., R, N., W., will be generated in the latter. 
In the case of a regular mutual displacement of the cur- 
rents, the vane will shift in the direction S., W., N., R, a 
gyration which is entirely distinct from that produced by 
a cyclone. 

If we take an example, and suppose that in Europe the 
polar current gives way in high latitudes to the equatorial 
current, which is nearly due W., the former will veer 
gradually round to E., and we shall have in the north 
of Europe very mild weather, with westerly winds; while 
in the south it will be very cold, with easterly winds. If 
the R wind which is thus produced, be checked in its 
passage towards the W. by the equatorial current, which 
is still SW. in the Atlantic ocean, we shall have a baro- 
metrical maximum over the whole district where the cold 
R wind is felt ; until at last it forces its way through the 
SW. wind over the Atlantic ocean, and the barometer 
falls. Subsequently the southern current, checked in its 
turn, forces its way back again through the northern cur- 
rent, at first in the upper, afterwards in the lower strata 
of the atmosphere. 

Under the conditions here described, the first cold will 
come from the NW. after a period of very mild weather, 
subsequently it will come from the N., and NE. This 

s 
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was the case in January, 1855, as I shall proceed to 
show. 

If a barometrical minimum in the temperate zones be 
compared to a long valley, a maximum to a mountain 
ridge, it will sometimes happen, if the area of observa- 
tion be not too widely extended, that we shall find 
ourselves on the slope of the hill. A steeper slope than 
that which the observations on New Year's Day of the 
above named year would represent for the centre of 
Europe, is not often met with. 

The following table gives the depression of the 
barometer, in inches, below its mean level for the month, 
on January 1 : — 



TJpsala . . 
Stockholm . 
Tilsit . . . 
Konigsberg . 
Dantzie . . 
Arys . . . 
Bromberg . 
Coslin . . 
Schoneberg . 
Conitz . . 
Posen . . 
Putbus . . 
Stettin . . 
Moscow . . 
St. Petersburg 
Wustrow 
Rostock . . 
Poel . . . 
Schwerin 
Schonberg . 
Lemberg . . 
Zechen . . 
Frankfort on 
the Oder . 
Jaslo . . . 
Czernowitz . 
Cracow . . 
Grorlitz . . 
Berlin . . 
Salzwedel . 
Senftenberg . 
Kronstadt in 

Transylvania 
Kesmark 
Leutschau 



Inches 

1-662 

1-613 

1-497 

1-436 

1-395 

1-356 

1-304 

1-296 

1-239 

1-214 

1163 

1182 

1130 

1-121 

1114 

1026 

1041 

0-997 

0-988 

0-981 

1028 2nd 

1-037 

0-993 
0-940 2nd 
0-946 
0-973 2nd 
0-914 
0-893 
0-899 
0-896 2nd 

0-805 2nd 
0-878 2nd 
0-813 2nd 



Brunn 
Olmiitz . . 
Wallendorf . 
Cilli . . . 
Ratibor . . 
Breslan . . 
Torgau . . 
Liinebnrg . 
Otterndorf . 
Hanover . . 
Semlin . . 
Tirnau . . 
Schemnitz . 
Prague . . 
Hermansstadt 
Czaslau . . 
Bodenbach . 
Leipa . . . 
Vienna . . 
Milan . . . 
Stromness . 
Zara . . . 
Venice . . 
Fiinfkirchen 
Kahlenberg . 
Linz . 
Mallnitz 
Piirglitz 
Schossl 
Pilsen 
Heiligenstadt 
Miihlhausen 
Clausthal . 
Lingen . . 
Emden . . 



Inches 
0*823 2nd 
0836 2nd 
0-855 2nd 
0-878 2nd 
0-874 
0-882 
0-863 
0-866 
0-865 
0-870 
0-713 2nd 
0-765 2nd 
0-750 2nd 
0-766 
0-771 2nd 
0-768 2nd 
0-739 
0-793 2nd 
0-715 2nd 
0-713 2nd 
0-755 
0-633 2nd 
0-662 2nd 
0-641 2nd 
0-636 2nd 
0627 
0-643 2nd 
0-700 
0-698 
0-646 
0-657 
0-748 
0-661 
0-642 
0-667 



Debreczin . 


Inches 
0-563 2nd 


Szegedin . . 
Ragusa . . 
Trieste . . 


0-590 2nd 
0-604 2nd 
0-612 2nd 


Adelsberg .. 
Meran . . 


0-569 2nd 
0-606 2nd 


Laibach . . 


0-615 


Sta.Magdalena 0-551 
Eremsmunster 0*601 


Tropolach . 
Sta. Maria . 


0-579 
0-580 


Plan . . . 


0-579 2nd 


Lienz . . . 


0-562 


Heiligenblut 
St. Paul . . 


0-599 2nd 
0-609 2nd 


Klagenfurt . 
Obervellach . 


0-581 2nd 
0-589 2nd 


Beichenau . 


0-589 


Trautenau . 


0-537 2nd 


Schiittenhofen 0-546 2nd 


St. Peter. . 


0-609 2nd 


Erfurth . . 


0-571 


Ziegenriick . 
Griitersloh . 


0-618 
0-617 


Paderborn . 


0-605 


Miinster . . 


0-567 


Althofen . . 


0-537 2nd 


Alt-Aussee . 


0-452 2nd 


St. Jacob 


0-521 2nd 


Stelvio . . 


0-333 


Gfiessen . . 


0-501 


Frankfort on 




the Maine 


0-448 


Boppard . . 
Mannheim . 


0-380 
0-370 
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Cologne . . 0-417 Flushing . 0328 Treves . . 0-292 

Crefeld . . 0430 Boston . . 0350 Luxemburg. 0-261 

Utrecht . . 0*494 Brussels . . 0*285 Paris . . . 0*020 

Cleves . . 0*379 Neunkirchen 0*293 Greenwich . 0*176 

Helvcetsluys 0*410 

At Geneva there was an excess of 0*086 inches; at 
St. Bernard, of 0*097; at Lyons, of 0-264 ; ^nd at Lisbon 
0-388 ; the maximum during the month. In the vicinity 
of New York the barometer stood 0-53 inches above its 
mean level; at Norfolk and Charleston 0*27, while at San 
Francisco its level was unusually low (29*13 inches), and 
there was a hurricane from the SW. At Benicia there 
was a similar SW. storm, and the barometer stood nearly 
0*62 inches below its mean level. 

Throughout the whole of the Prussian and Austrian 
districts of observation (in the latter of which the mini- 
mum occurred, not on the 1st but on the 2nd, at all 
stations excepting Bodenbach, Prague, Pilsen, and Czerno- 
witz), the year 1855 set in with a relatively high tempe- 
rature, high winds from the W. and NW., and heavy 
falls of rain and snow. In Berlin the character of the 
showers was precisely that of violent thunder storms, and 
I expected to observe thunder and lightning every 
moment. They were reported to have occurred at many 
places between Silesia and Hamburg. Part of the island 
Wangeroge was washed away by the violence of the sea, 
and the strongest embankments along. the north coast of 
Germany were hardly able to withstand the fury of the 
waves. The storm was at its greatest height at Vienna 
at 9 a.m. ; at Berlin at about noon. In the forest of 
Lambach, near Kremsmiinster, where the storm was most 
violent at 2.15 p.m., on the 1st, 30,000 trees were blown 
down in a space of about 1,000 acres, 1,200 close to the 
observatory in a space of 300 acres. In Jaslo the roof 
of the court house was stripped off on the morning of the 
2nd, and at Trautenau, on the southern slope of the 

8 2 
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Kiesengebirge, men and laden wagons were blown down. 
In Zara there was a calm.* The southern current had 
previously predominated over the whole area to such a 
degree that the barometrical mean of December had been 
beneath its .value for seven years, from 1848 to 1854, 
0-308 inches at Arys ; 0-387 at Konigsberg; 0*296 at 
Stettin ; 0-309 at Berlin ; 0-209 at Gutersloh ; and 0-178 
at Cologne. Its depression below the mean level for 
several years had been 0214 inches at Cracow; 0*194 at 
Vienna; 0*220 at Prague ; 0-236 at Kremsmiinster ; 0*168 
at Milan. This is remarkable, inasmuch as the barome- 
trical mean for the month of December had already been 
0-178 inches too low. 

A barometrical difference of 2-04 inches between Up- 
sala and Lisbon would produce a difference of level on a 
water surface of 27*7 inches. It was only natural to 
expect, as really was the case, that the air from the area 
in which the pressure was not only not diminished, but 
even increased, would press in witkrgreat violence in order 
to fill the vacuum which existed over the Baltic. This 
cold and dense current became so universally prevalent 



* The hourly observations give the following results at some of the 
stations : — 



Station 


Minimum Lerel 
of the Barometer 


Day 


Hour 


Direction 
of Wind 


Force 
of Wind 


Prague . . . 
Senftenberg . . 
Cracow . . . 
Vienna . . . 
Kremsmiinster . 
Salzburg . . . 
Milan .... 


28544 
27626 
28314 
28-670 
28138 
28009 
28-969 


1st 
2nd 
2nd 
2nd 
2nd 
1st 
1st 


5 P.M. 

6 A.M. 

Noon 

5 A.M. 
4 A.M. 

11p.m. 

6 a.m. 


W. 

NW. 
W. 
NW. 

NW. 

N. 


9 

10 

4 

9 

1 



The figure 10 indicates a hurricane, the highest point of the scale of force of 
the wind. 



Digitized byLjOOQlC 



STORM OP JANUARY 1 AND 2, 1855. 261 

that the temperature of the latter half of January and of 
February was unusually low. 

I must refer to my 'Kepresentation of the ^Phenomena 
of Temperature by the aid of Five-day Means,' to show 
the distribution of this extreme cold, and the gradual 
restoration of the equilibrium of the barometrical pressure. 

On the very day on which this cold current forced its 
way into th# warm atmosphere of Europe, a southerly 
current forced its way to the northwards in California. 
Between the two barometrical minima, there is inter- 
posed a district where there was a barometrical maximum, 
extending over the whole Atlantic ocean and embracing 
the eastern coasts of the United States. 

A letter from Greenland says : — * We had such fine 
6 warm days in February (which was desperately cold in 
4 Europe) and March, that we were almost tempted to ask 
' if we were really in Greenland.' 



An unprejudiced examination of the facts which have 
been stated in the preceding pages leads us to the conclu- 
sion that there are two different types of motion of the 
air in a storm: firstly, when its direction does not change, 
excepting in so far as it is modified in the course of its 
advance by the rotation of the earth ; and secondly, when 
it possesses a rotatory motion about a calm centre which 
is advancing. It surely cannot be denied that violent 
storms may be produced by the sudden irruption of the 
cold air of the polar current into the warm and rarefied 
air of an equatorial current*, or that the return trade 
wind, confined between meridians which are gradually 

* First rise after very low 
Indicates a stronger blow. 
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closing in, bursts open for itself, in its firry, a channel to 
the north. Many of the American snowstorms appear to 
belong to the first of these two classes of storms, but only 
a very few of these have been investigated. Henry 
('Agricultural Eeport,' 1858, p. 484) has recently given 
in his adhesion to this view. 

In ortler to determine with accuracy the true character 
of a storm in any individual instance, it is in general 
requisite that we should obtain simultaneous observations 
from an area of considerable extent. The reason of this 
is that the gyration of the vane on one side of a cyclone is 
the same as that produced by the ordinary currents of the 
atmosphere, in accordance with the law of gyration. 
Eedfield attempted to illustrate the origin of the rotatory 
motion of considerable masses of air, by attaching a circu- 
lar disk of paper loosely, at one point, to a globe which 
he set in rotation. If the disk be placed near the pole it 
will be carried with a less velocity than if it be placed 
near the equator, and thus a tendency to rotatory motion 
will be imparted to it, which will be in the direction op- 
posite to that of the hands of a watch, when the disk is 
placed anywhere on the northern hemisphere. 

It is easy to see that the cause of this phenomenon is the 
cohesion of a solid body ; a condition which cannot be 
applied to the particles of the atmosphere, which possess 
perfect freedom of motion. Taylor (Herschel's ' Meteo- 
'rology,' p. 67) attempts to prove that if the air rises from 
any point, and the air about that point flows in from all 
sides towards it, the result will be to produce, not as Espy 
and Hare assert, a direct centripetal confluence, but a 
whirlwind in the sense of the cyclone theory. Ferrel 
also agrees with this view (p. 43). 

We may admit that the conditions which predispose 
the air to rotatory motion may be very various, but the 
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fact which has been already proved, viz. that the gyration 
of the wind with the sun is the most prevalent form of its 
motion on both hemispheres, shows that cyclonical move- 
ments are not the predominant form of atmospherical 
motion. We must further remember that in the case of 
cyclones, we have to explain, not only their rotation, but 
also the fact that their centres advance in a definite direc- 
tion, and turn almost at right angles to their former path, 
when they reach the edge of the torrid zone. There is 
still another point which requires explanation, which is 
that, although the conditions for a local courant ascendant 
are presented in abundance in all hot countries, we find 
that cyclones are especially prevalent in certain parts of 
the globe, and in these are most common at certain sea- 
sons. The very nature of a courant ascendant presupposes 
the existence of some cause which imparts a tendency to 
the air to rise at one point more than at any other in the 
neighbourhood, whether the phenomenon be due to heat or 
to the condensation of aqueous vapour. It seems, however, 
unjustifiable to suppose that such a predisposing agency 
could travel for days and nights along a definite path, 
so that it is hardly natural to post a courant ascendant 
in front of a cyclone in order to lead the way for it. 
The idea of the advance being due to impulsion is as 
unnatural as that of its being due to attraction, for the 
path of the cyclone crosses that of the trade winds at an 
angle which is nearly a right angle. Thorn says expressly 
that the violence of Typhoons is mitigated during the day 
time, at which time the conditions for a courant ascendant 
are presented on a greater scale than during the night, at 
least as far as all the experience we have on the subject 
would teach us. 

In addition to this, the difference in the velocity of 
rotation between different portions of the air of the torrid 
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zone, which have been previously in contact with the sur- 
face of the earth, if they have not come from latitudes 
which are very wide asunder, is much less than that 
which will be observable when the air of the counter 
current, which has travelled from distant regions without 
touching the ground, comes in contact with the current 
beneath it. Lastly, it is not possible to explain, inas- 
much as the conditions for a courant ascendant exist pre- 
eminently in the torrid zone, if the cyclones are accord- 
ingly peculiar to that area, why we do not ever find them 
within a certain definite distance of the equator. Accord- 
ing to my theory, this is explained by the fact that there 
is no reason why the air should descend within the Zone 
of Calms, where it is ascending en masse, and that such a 
reason does not present itself until we reach a spot where 
the direct and counter trade winds are flowing one above 
the other, and interfering with each other, whenever the 
counter current is checked in its path, either by a lateral 
current or by any other cause. 

I am not, however, prepared to maintain that all West 
India hurricanes owe their origin to the intrusion of the 
upper counter trade wind into the lower current, for the 
mechanical proof of the rotation which has been given 
(p. 182) holds as true as it did before, if we assume that 
a portion of the SE. trade wind travels far over the 
equator into the northern hemisphere, and gives rise to 
the cyclone. 

The observations from New Mexico and California, 
which have recently been published, exhibit so complete 
an absence of rain in summer, that circumstances of rela- 
tive dryness similar to those in the deserts in the interior 
of the continents of the old world, seem to exist. Baro- 
metrical observations at San Sacramento, carried on for 
three years, have given the following results. The table 



Digitized byLjOOQlC 



ORIGIN OF CYCLONES. 



265 



is similar to those at pp. 52 sqq., and it exhibits a 
periodical rarefaction in the summer months. 





Barometer 


Dry Air 


Tension of Vapour 


January .... 


+ 0145 


+ 0-242 


0262 


February . 








+ 0-071 


+ 0172 


0-258 


March 








+ 0061 


+ 0-104 


0-316 


April . 
May . 








-0025 


+ 0013 


0-321 








-0052 


-0056 


0-363 


June . 








-0162 


-0-306 


0-503 


July . . 








-0039 


-0149 


0-469 


August 








-0035 


-0132 


0-451 


September 








-0092 


-0-143 


0-410 


October 








-0055 


-0063 


0*367 


November . 








+ 0-045 


+ 0057 


0-347 


December . 








+ 0135 


+ 0-255 


230 


Year 


30012 


29653 





It is possible that this district may exert an at- 
tractive action on the SE. trade wind, analogous to 
that which, on a much greater scale, gives rise to the 
SW. Monsoon in Asia. There is this difference between 
the two cases, that in Asia the SE. trade wind encounters 
along the whole of its front an atmosphere which has 
been subjected to rarefaction, while in America such an 
atmosphere is presented to the trade wind along its 
western flank only, so that the hurricanes would be espe- 
cially prevalent on this side. The intrusion of the SE. 
trade wind into the area of the NE. trade would be, ac- 
cording to this view, the cause of these hurricanes. 
Whether we explain them on the hypothesis of a lateral 
current, which rises over Africa, and checks the counter 
trade wind as it crosses its path, or on that of an advance 
of the SE. trade wind along the western shore of the 
Atlantic ocean, we shall arrive at the same conclusion, viz. 
that they must be most abundant in the summer months. 

In all storms, whatever be the form which they present, 
the first problem which we have to solve is to ascertain 
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the cause which has occasioned the disturbance of 
equilibrium ; the second, to ascertain how the equilibrium 
comes to be restored. In this case, phenomena may- 
occur which bear some resemblance to an undulatory 
motion. It is, however, very unnatural to suppose that 
every disturbance of the atmosphere which gives rise to a 
barometrical maximum or minimum advancing over the 
earth, is an atmospherical wave, as is clearly proved by 
the storm of February 2 and 3, 1823 (p. 248). For the 
same reason, a so-called atmospherical wave, i. e. a change 
of pressure marked on the barometer by its rising from a 
minimum to a maximum and falling again to a second 
minimum, as the result of the displacement of an equa- 
torial by a polar current, which again is displaced in its 
turn by the former, cannot be considered as a complete 
phenomenon. It will be sufficient to quote the words of 
Eadcliff Birt, in order to show that this conclusion has 
not been arrived at solely from my investigations of great 
barometrical oscillations, but is the natural result of an 
unprejudiced examination of all such phenomena. In 
his 'Keport on Atmospheric Waves,' 1846, Birt says, 
4 Upon a very careful perusal of the paper by Mr. Brown, 
I found that Professor Dove's theory of parallel currents, 
or alternately disposed beds of oppositely directed winds, 
throw a clear light on the real character of atmospheric 
undulations.' Five years after the publication of this 
work, and twenty-three years after the appearance of my 
earlier papers, Quetelet arrived at the following conclu- 
sions : — ' Les directions des vents riont pas de rapports 
apparents avec les directions des ondes baromStriques' 
(the directions of the winds have no apparent connection 
with the direction of barometrical waves). I can fully 
understand why this self-evident negative conclusion is 
denoted as an ' important fact.' There is, as it appears 
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to me, one question which those physicists who consider 
the oscillations of the barometer as primary waves have 
not yet answered, viz. why so great waves as these are 
never traced into the torrid zone, and why the oscilla- 
tions which appear at certain points within that zone, in 
the region of the hurricanes, assume a totally different 
form. It is to be hoped that M. Lamont will explain this 
fact, as he has published in his ' Eesults of Meteorological 
Investigations,' in the year 1857, his views on this subject. 
He says, ' Inasmuch as great waves, analogous to sea- 
waves, are propagated through the atmosphere, its 
pressure is constantly liable to alteration, and it increases 
as a wave approaches. It is generally considered that 
the fluctuations of the barometer are due to variations in 
the density of the air, and that the upper surface of the 
atmosphere does not either rise above or fall below its 
original level. I am disposed to consider that in the 
course of long continuance of a current in the atmo- 
sphere its surface becomes uneven, being raised in parts 
and depressed in others.' Herschel, who first suggested 
the means by which such investigations have been ren- 
dered possible, viz. the simultaneous observations on the 
so-called ' term days,' has drawn (Meteorology, p. 70) the 
following distinction between the atmospherical waves 
and sea-waves : — 4 That the disturbances in which 
they originate are not (as in the case of the sea-waves) 
merely superficial, but extend through the whole depth 
of the atmosphere, and are most powerful at the ground 
level.' Lamont, on the contrary, transfers the origin of 
barometrical oscillations to the upper surface of the 
atmosphere, a region utterly inaccessible to observation. 
Lastly, Admiral Fitzroy, in the appendix to the English 
translation of the first edition of this work, speaks of 
waves in general at p. 87, after he has discussed the 
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great waves, in the following words : — 6 All cases of ap- 
parent atmospheric waves on a smaller scale may be 
similarly explained by application of " Dove's Law of 
Gyration."' 

The following statements will be sufficient to explain 
in a few words my views on this much-vexed question. 
It is erroneous to suppose that, in the case of extensive 
barometrical oscillations, the air always flows towards the 
point where the pressure is least ; or, in other words, that 
the wind is always due to a disturbance of barometrical 
equilibrium. Such an interpretation would hold good 
neither for the cyclones, the direction of whose advance 
is at right angles to that of the prevalent wind, nor for 
the storms of the temperate zone, in which, when the 
equatorial current is forcing its way onwards, the baro- 
metrical minimum is advancing in the direction of the 
current, and the air, accordingly, is flowing towards a 
district in which the barometrical level is relatively higher 
than in that from which it has travelled. The falling side 
of a great barometrical wave represents the action of this 
equatorial current, which may itself exert an action in 
bringing on the polar current to succeed it by the rare- 
faction which it has produced, and the diminution in the 
tension of the vapour which it contains, owing to the 
partial removal of that substance by condensation. We 
see, therefore, that the rising side of a barometrical wave 
owes its origin to causes which are diametrically opposite 
to those which produce the falling side of the same wave. 
In this respect the great barometrical oscillations of the 
temperate zone differ from the local oscillations which are 
peculiar to tropical regions. In the latter, when a cyclone 
passes over the point of observation, the fall of the 
barometer as the minimum approaches, and its rise when 
the centre has passed by, indicate the two sides of one 
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and the self-same storm : in the former, which are due to 
gales, not to cyclones, the falling side of the wave belongs 
to a different current from that which produces the rising 
side. Accordingly, the oscillations of the temperate zone 
are accompanied by great fluctuations of temperature, a 
characteristic which does not appear in the torrid zone to 
the same extent. The return to the ordinary conditions 
of the atmosphere, as soon as the disturbing agencies 
have ceased to act, takes place according to the laws 
by which equilibrium in an elastic fluid seeks to restore 
itself when it has been disturbed. If these are to be 
characterised as waves, it must be clearly understood 
that they are not a primary phenomenon, but only one 
which is secondary. 

In treating of the storms of the temperate zone, we 
have frequently observed that storms which have travelled 
over Europe have been succeeded by storms in America ; 
or that the latter have preceded the former. Although 
we are hardly justified in supposing that there exists 
between these phenomena, which are observed in localities 
so widely distant from each other, a direct relation to an 
extent which would allow us to consider them as a 
connected whole, it is evident that a disturbance of 
equilibrium, which takes place at any one poipt, may 
indirectly give rise to other disturbances which will ulti- 
mately affect distant regions. In North America, the 
mean direction of the wind in winter is NW., in summer 
SW. ; the converse is the case in Europe. This shows us 
that it is not improbable that the storms of the United 
States which blow from the foot of the Eocky Mountains 
between November and March, and are preceded by a 
rise of the barometer, equilibrate the warm currents 
which advance from SW. towards NE., accompanied by 
a rapid fall of the barometer, which traverse Europe at 
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the same period, and produce the predominant southerly 
direction of the wind generally observed in this continent 
at the end of autumn. Phenomena which have a ten- 
dency to compensate for each other, like those which 
have just been described, must necessarily arise on the 
supposition that the whole descending counter trade wind 
does not enter the temperate zone simultaneously along 
the entire extent of the edge of the trade wind zone ; but 
that while this is the case at certain points, at others there 
must be an influx from the temperate into the torrid zone. 
Any increase in the intensity of efflux must necessarily 
have more or less of a tendency to generate a corre- 
sponding increase in the intensity of influx, in order to 
compensate for it. 

I am not unaware that many natural philosophers are 
of opinion that the currents in the temperate zone do not 
correspond with the description that I have given of them, 
and that they imagine that the atmosphere of the trade- 
wind zone moves in a vertical circle by itself, and that of 
the temperate zone in an independent circle rotating in 
the opposite direction. According to this view, the dis- 
trict of increased barometrical pressure, at the edge of 
the trade-wind zone, represents the district where both' 
the upper currents, that of the torrid and that of the 
temperate zone, descend to the surface of the earth. In 
answer to this we may remark, that the constancy of 
chemical composition which is exhibited by the atmo- 
sphere, is most naturally explained on the hypothesis that 
the energetic vegetation of the torrid zone liberates the 
oxygen which is requisite for the conservation of the 
animal life in extra-tropical regions; so that the torrid 
zone furnishes a momentum which is absolutely necessary 
for the working of the great vivarium existing on the 
surface of the globe. In addition to this, we find that 
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the amount of rain which falls at the outer edge of the 
torrid zone could not be furnished by a current which 
had travelled in the upper strata of the atmosphere 
from the pole to the tropics. 

An attempt to reconcile both these views may be made 
by assuming that the upper counter trade of the torrid 
zone descends at the outer edge of the area ; flows into 
the temperate zone ; rises again when it comes into high 
latitudes ; flows back as a polar current in the upper 
strata of the atmosphere of the temperate zone ; descends 
afresh at the tropics ; flows in towards the equator, 
along the surface of the ground, as the ordinary direct 
trade wind, and at the equator rises again. According 
to this view, the paths of the currents may be represented 
by a horizontal eight ( qo ), and they would cross each 
other at the district where the barometer is highest, near 
the tropics. Maury has repeatedly given a graphical 
representation of this view. We know that oscillatory 
motions can be propagated across each other; but this 
could not take place in the case of currents, as when- 
ever two currents meet, at an angle more or less acute, 
a resultant motion must arise, which will be intermediate 
between them. Maury is led by this interpretation of 
the question to suppose that the air at the poles moves 
in a vertical eight (8), an assumption which appears 
to be entirely arbitrary. In addition to this, such a 
view will hardly explain the fact which I have pointed 
out, viz. that the non-periodical fluctuations of tem- 
perature are always compensated for, within their own 
hemisphere, by the simultaneous existence in adjacent 
localities of an unusually low and an unusually high 
temperature of the atmosphere ; so that the total amount 
of heat is constant, and it is only its distribution which 
varies at different times. This fact is easily explained 
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according to the views which I have proposed. The 
counter trade wind, on reaching the surface of the earth, 
regains its original temperature in consequence of the 
reduction in volume which it undergoes in its descent; 
and, having been restored to its original state of satura- 
tion by the abstraction of the aqueous vapour which has 
been condensed during its ascent between the tropics, 
flows at certain points into the temperate zone. Simul- 
taneously with this, at other points, there is an influx of 
air from the temperate into the torrid zone. As regards 
the rainfall, there exists a similar compensation on a great 
scale, as may be seen from the following facts: — The 
years 1857-1858 were so remarkably dry throughout 
central Europe, that the Seine in Paris was lower than it 
had ever been before, and portions of the bed of the 
Ehine, which had never been left dry before, were un- 
covered. During the same period, the level of Lake 
Ontario was two feet higher than its mean level, deter- 
mined from 14 years' observations. 

When we were discussing the polar current of the 
temperate zone, we were led to the conclusion that it 
extended throughout the entire depth of the atmosphere, 
when it had succeeded in displacing the equatorial current. 
When, under such circumstances, it enters the torrid zone, 
it is evident that the counter trade wind will have to 
make way for the upper portion of the polar current, and 
to find a passage for itself into the temperate zone at 
some other point. In this case there would be a northerly 
wind in the upper strata of the NE. trade wind, and this 
Lartigue says that he has himself noticed. He says, 
p. 18, 'When polar currents, from N. and NE., join on to 
the trade wind, the upper portion of the current has a 
more northerly direction than that which is beneath it, 
and the clouds, if there be any, will drift in a direction 
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between N. and NE. Whenever such a union as this 
does not take place, above the NE. wind we have an K 
or SE. wind, above that again a SE. or S., and lastly, 
in the highest regions of the atmosphere, a S. or SW. 
wind.' 
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General Conclusions. 

If we collect the facts which have been recorded in the 
preceding pages, we shall find that they will furnish us 
with certain general laws. 

1. All permanent wind currents are deflected, owing to 
the motion of the earth on its axis. The equatorial currents 
are deflected to the westward ; the polar to the eastward. 
The NE. and SE. Trade-winds are permanent polar cur- 
rents. The Monsoons are polar and equatorial currents 
alternately, according to the season of the year ; so that 
their directions on the northern hemisphere are NE. and 
SW., and on the southern SE. and NW. 

2. If masses of air, originally at rest, set themselves in 
motion along the meridians, they will cause the vane to 
shift in the following manner, viz. : — 

Polar currents in the northern hemisphere from N. towards E. 

„ „ southern „ S. „ E. 

Equatorial „ northern „ S. „ W. 

„ „ southern „ N. „ W. 

Hence, in general, on the northern hemisphere : — 

The winds between N. & E. are the polar current 

„ E. & S. are its transition into the equatorial 

„ S. & W. are the equatorial current 

„ W. & N. are its transition into the polar. 

On the southern hemisphere: — 



Digitized byLjOOQlC 



GENERAL CONCLUSIONS. 275 

The winds between S. & E. are the polar current 

„ E. & N. are its transition into the equatorial 

„ N. &> W. are the equatorial current 

„ W. & S. are its transition into the polar. 

From this the following rotations are deduced : — 

For the northern hemisphere — > S., W., N., E., S. — > with the sun. 
„ southern „ -> S., E., N., W., S. -> with the sun. 

3. A permanent wind current may be prevented from 
assuming the divergence which would be imparted to it 
by the rotation of the earth : 

a. By a wind which blows constantly in a direction at 
right angles to its own primitive direction. These are 
the West Indian hurricanes, which accordingly, in the 
earlier part of their course, travel from SE. towards NW., 
and the hurricanes of the southern hemisphere, which 
travel from NE. towards SW, 

/3. By a current which has undergone less divergence. 
This is the origin of the Typhoons during the SW. Monsoon, 
a current which is bounded on its eastern side by the S. 
Monsoon. It is, however, probable that many of the 
Typhoons which travel from W. to K, owe their origin to 
the fact that the heavy air of the Trade-wind region, which 
lies farther to the eastward, forces its way laterally into 
the rarefied air of the SW. Monsoon, and thus generates a 
cyclone. 

y. By a mechanical obstruction, e. g. the storm 
described by Piddington and referred to at p. 189, vide 
Chart V. 

In these cases, when the storm which is generated 
belongs to the equatorial current, the cyclones in the 
northern hemisphere possess a rotation which is retro- 
grade, i. e. opposite to that of the hands of a watch ; in 

T 2 



Digitized byLjOOQlC 



276 GENERAL CONCLUSIONS. 

the southern, one which is direct : hence we derive the 
following rules for the revolution of the vane: — 
In the northern hemisphere : — 

a. If the centre of the cyclone passes to the westward 
of a given station, the rotation will be 

-> S. W. N. E. S. -> or, with the sun. 

b. If the centre passes to the eastward of a station, the 
rotation will be 

-> S. E. N. W. S. -> or, against the sun. 

Conversely, in the southern hemisphere : — 

a. If the centre passes to the westward of a station, 
the rotation will be 

->S. K N. W. S. -> or, with the sun. 

b. If the centre passes to the eastward of a station, the 
rotation will be 

-> S. W. N. K S. -> or, against the sun. 

We see, accordingly, that in both hemispheres an equa- 
torial cyclone passing to the westward of any station pro- 
duces a rotation of the vane which is normal, i. e. in 
accordance with the Law of Gyration; whereas one passing 
to the eastward of the same station produces a rotation of 
the vane which is abnormal, i. e. contrary to the above- 
named law. Polar cyclones would produce actions the 
direct converse of 'those which have been described. If 
any such cyclones exist, the rotation is normal when they 
pass to the eastward of any station, abnormal when they 
pass to the westward of it. 

The old rule, that complete abnormal revolutions take 
place in stormy weather, is thus proved to be correct. If 
we only know the direction in which the shift takes place 
we cannot decide whether there is an equatorial cyclone 
passing on one side of us, or a polar on the other. This 
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would be indicated by the point of the compass at which 
the shifting commenced ; as in the case of a cyclone, this 
can never be at a greater distance than half a complete 
revolution from the point where it terminates. 

4. The vane may veer from one point of the compass 
directly to the opposite point : 

a. When two ordinary winds, blowing in opposite 
directions, meet ; or, as sailors say, fight with each other. 

0. When the centre of a cyclone passes over the point 
of observation. 

5. There are cases possible in which a storm, though 
really a cyclone, will not cause the vane to shift. This 
happens when the station is situated on the curve formed 
by the successive tangents to the path of the cyclone. In 
such a case the storm appears on one side of its path to 
have had a retrogressive, on the other a progressive, 
motion. If, for instance, a cyclone which possesses a re- 
trograde rotation advances from SW. towards NE., we 
shall find that for the district lying on the north-west side 
of the path the NE. wind will be first felt at the southern 
stations ; while for the district lying on the opposite side 
of the path the SW. wind appears actually to advance in 
the direction in which it blows, and is not felt at the 
northern stations until after it has been felt in the south. 
The first case is the well known one noticed by Franklin 
on the occasion of an eclipse of the moon (p. 204). Those 
persons who, resting on this and analogous instances, 
divide the wind into positive and negative — winds par as- 
piration (produced by attraction) and par impulsion (by 
impulsion) — term one side of a storm positive* and the 
other side of the same storm negative. 

6. In the temperate zone some storms, in addition to 
those which have been described, arise from the lateral 
interference of two opposite currents. In such a case the 
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rotation of the vane, during the process of the interference, 
may be either with or against the sun, according to the 
directions of the currents which are displacing each other. 
7. Local phenomena, such as land and sea breezes, 
eddies in valleys, littoral deflections of the Trade-winds, 
Trombs, &c, affect the vane according to circumstances 
which are strictly local, and are as likely to give rise to 
rotations in accordance with the law as against it.* In 
open countries they make their appearance, in the diurnal 
period, in a more marked way, in proportion as the regu- 
lar wind-currents are less prevalent. They are, accordingly, 
observed in the region of the i variables ' between the 
Trade-winds ; at the ' change of the Monsoon ' in the 
region of the Monsoons ; and, in general, in summer, when 
the courant ascendant weakens the influence of horizontal 
currents. It is not absolutely impossible that, independent 
of local circumstances, the daily apparent motion of the 
sun may produce a periodical rotation of the vane. If 
the point where the temperature reaches a maximum in 
the daytime be a centre towards which neighbouring 
masses of air are attracted, it is evident that in the morn- 
ing hours the wind will be more westerly, and in the even- 
ing hours more easterly ; so that the vane will move in 
a direction opposite to the motion of the magnetic needle. 

* These small whirlwinds (Trombs) do not exhibit any regularity in the 
direction in which they revolve, so that several may be seen at the same 
time rotating in different directions. Bridgeman says that at Goruckpore, 
4 they turned indiscriminately, some one Way and some the other. They 
depend on no rule producing Uniformity of motion. ' Reid says the same 
of the Bermudas, and Thorn of the dust whirlwinds in Scinde. The latter 
says expressly that he saw half a dozen at once, and that two of these, 
which were close to each other, revolved in different directions. The nature 
of the substances which are carried up by such Trombs depends on the cha- 
racter of the surface of the earth: it is water in waterspouts, sand in the 
deserts, dust in a dry country where there is no sand, and, lastly, ashes in 
volcanic districts, as in those Which have been described as occurring in 
Iceland. 



Digitized byLjOOQlC 



GENERAL CONCLUSIONS. 279 

If cyclones be not confined to certain districts, the 
chances that any given station will lie on the east side of 
their path are just as great as that it will lie on the 
west side of it. Even when the cyclones owe their origin 
to fixed local conditions, and exhibit consequently great 
uniformity in the direction of their path, it is impossible 
that any rotation of the vane, either in one direction or in 
the other, can be considered as the predominant one for 
stations chosen at random over the surface of both hemi- 
spheres ; inasmuch as there is as great probability that a 
given station will lie on one side of their usual path as 
on the other. The prevalence of a rotation of the vane 
in one direction (with the sun) is therefore a phenomenon 
which has no connection with the rotatory motion of tem- 
pestuous winds, but is solely due to the influence of the 
earth's rotation on the ordinary atmospherical currents. 

As regards the reason of this prevalence of one direc- 
tion, there are three causes which may be assigned for it. 

1. Either that all rotations of the vane through large 
arcs are due to cyclones. In this case — 

a. If these cyclones arise in different localities, without 
any regularity in their appearance being observable, there 
will be no prevalent direction of rotation of the vane. 

/3. If they are local as to their origin, and traverse 
paths which are more or less constant, there will be cer- 
tain stations on each hemisphere where the rotation 
S., R, N., W., is the prevalent one, and others where the 
converse rotation is most common. 

2. Or, all rotations of the vane arise from the alterna- 
tions and mutual displacements of the ordinary meridional 
currents, according to the principle first laid down by 
Hadley for the Trade-winds. In this case the rotation on 
the northern hemisphere is S., W., N., E, S., on the southern 
S., E., K, W., S. ; i. e. in both cases ' with the sun.' Under 
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these conditions a shift in the opposite direction can never 
exceed a quadrant of a circle. 

3. Or, lastly, rotations arise from both the causes above 
enumerated, viz. alternation of currents and cyclonical 
movements. Hence we see that rotations in both direc- 
tions must exist on both hemispheres, but that those 4 with 
the sun' must be most frequent. This is evident, because 
the first cause produces no rotations but those which are 
4 with the sun/ while the second produces as many 'with 
the sun' as 'against it.' Accordingly, no matter how 
abundant cyclones may be, there must always be more 
direct rotations than retrograde ones. 

The previous investigations have proved that cyclones 
are especially prevalent in certain regions ; that they fol- 
low certain definite paths, and are known under the 
names of — 

a. The West India Hurricanes (Aracan or Huiran- 
vucan of the coast of Mexico, Vuthan in Patagonia), 
which appear at the inner boundary of the NE. Trade- 
wind, and also within the district affected by that current, 
especially at the end of summer and in autumn, according 
as the original cause of the rotatory motion is due to the 
interference of the SE. Trade-wind with the NE. Trade, 
or to the intrusion of the counter Trade-wind into the 
true Trade-wind which lies underneath it. They travel 
from SE. towards NW. as long as they continue in the 
torrid zone, and, on crossing the boundary of the Trade- 
wind, turn at a right angle and advance from SW. towards 
NE., while the cyclone, which is rotating in the retro- 
grade direction, expands enormously.* Cyclones appear 
to be less common in the SE. Trade-wind. 

* According to Redfield, the diameter of the cyclones in the vicinity of 
the West Indian Islands varies front 100 to 150 nautical miles, and their 
subsequent expansion takes place on such a scale that the diameter often 
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b. The Typhoons in the north of the Indian Ocean and 
in the China Seas. They are most frequent in autumn, 
but are also very violent at the beginning of the SW. 
Monsoon. Their path is more from E. towards W. than 
from NE. towards SW., especially on the south coast of 
China. In the southern portion of the Indian Ocean they 
are also very violent, travelling from NE. towards SW., 
and turning at a right angle, on leaving the Trade-wind 
zone, so as to advance from NW. towards SE. The 
rotation of these cyclones is opposite to that of the hands 
of a watch on the northern hemisphere, and in accordance 
with that motion on the southern. The causes which give 
rise to these storms are the contiguity of the districts of 
the Trade-winds and the Monsoons, and the displacement 
of one Monsoon by the other. 

The fact that cyclones are phenomena whose origin is 
strictly local renders it improbable that the rotatory 
motion which they possess is the sole, or even the most 
usual, type of atmospherical motion, and that it is conse- 
quently due to some cause, which is either of unknown 
origin, or else, as is frequently supposed, is electro-mag- 
netical in its nature, which generates in cyclones a 
tendency to a rotation from right to left on the northern 
hemisphere, and from left to right on the southern. This 
is a* very general impression, and has arisen from viewing 
the shiftings of the vane, which were produced in accord- 
ance with the Law of Gyration, as indications of a cydoni- 
cal disturbance ; so that this type of atmospherical motion 

reaches the extent of 600 to 1,000 miles. Thorn gives their diameter in the 
southern portion of the Indian Ocean at from 400 to 600 miles. Piddington 
gives it at 240 miles in the Arabian Sea, and at 300 to 350 in the Bay of 
Bengal. In this latter district the diameter of the cyclone is sometimes 
reduced from 300 or 360 miles to 150, its violence increasing proportionately. 
The same author gives the diameter of the Typhoons in the China Seas at 
from 60 to 80 miles on an average. 
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has been considered to be of much more common occur- 
rence than experience would justify us in admitting to be 
the case. 

The correspondence which exists between the pheno- 
mena of cyclones and those produced in accordance with 
the Law of Gyration by the ordinary wind currents is 
so great, that when I published, in the year 1827, the 
observations which I had made at Konigsberg, I drew 
especial attention to the following fact : — Whenever the 
equatorial current sets in suddenly and is as suddenly 
displaced again, at the precise time when the barome- 
ter is at its lowest level, the showers which belong to the 
equatorial current are separated from those produced 
by the intrusion of the polar current into it by a short 
period of clear weather, to which I gave the name of 'clear 
interval' (trennende Helle). At the centre of a cyclone, 
when the barometer is' lowest, a similar fine moment is 
so frequently observed that sailors have given it a special 
name, 'the eye of the storm,' — Abra-ojo in Spanish, 
abrolho in Portuguese. Captain Salis describes its occur- 
rence in a cyclone experienced by the ship Paquebot 
des Mers du Sud, in latitude 38° S., longitude 22° K, 
in these words : — 'While there was a dense bank of 
clouds all round us, the sky over our heads was quite 
clear, so that we could see the stars, one of which, 
right over the head of the foremast, was so bright that 
everyone on board noticed it. The barometer was 27*79 
inches English.' 

On the other hand, it must be admitted that under 
certain local circumstances a cyclone may be modified to 
such an extent that in particular localities it assumes the 
form of an ordinary gale ; but if its course over a large 
area be examined, it exhibits itself as a true cyclone. This 
is the case, according to Eedfield, with the Nortes of the 



Digitized byLjOOQlC 



GENERAL CONCLUSIONS. 283 

Gulf of Mexico, which blow at Vera Cruz, especially from 
September to March. They reach their greatest height 
in four hours from their commencement, and then last for 
forty-eight hours with undiminished violence. This long 
continuance of the storm in the same point is explained 
by Eedfield, on the hypothesis that cyclones, in their 
advance from the eastward, encounter the high land in 
front, so that their circular form is converted into an el- 
liptical one, which becomes ultimately nearly rectilinear. 
Vice-Admira! Adam gives the three following signs of a 
Norte for the Bar of Tampico : — 

1. The atmosphere is generally damp. 

2. The Peak of Orizaba is clearly visible, while the 
lower part of the mountain is enveloped in clouds. 

3. The mountains which he inland, towards the south- 
east, are unusually clear, and all the animals appear to 
succumb to the excessive heat. 

The HE. and HHE. storms of the Pacific Ocean, which 
occur at Guatemala and Nicaragua, and are known under 
the names of Papagallo and Tehuantepec, are, according 
to Eedfield, the fair-weather side of cyclones ; while the 
SW. gales in August and September, which are called 
Tapayaguas, represent the opposite side of similar storms. 

In order to see our way through this medley of phe- 
nomena, which are identical in the forms which they 
present, however they may differ as to their origin, we 
have discussed separately, in the first instance, those which 
depend on the Law of Gyration, in the second, those which 
are due to storms, whether the storms be hurricanes or 
gales. I shall, in conclusion, sum up the results of the in- 
dications of the meteorological instruments in the form of 
practical rules. These rules will be simplest in the Trade- 
wind zone, because that in this region the distance between 
the commencement and termination of the current re- 
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mains constant, so that the rotation of the earth does not 
cause the vane to shift regularly, but only to assume a 
constant deflection, indicating a permanent current — the 
Trade-wind ; and also, the character of the storms is ex- 
clusively rotatory. In the Monsoon district they present 
a little more complexity, because that, in this region, the 
annual alternation of two currents produces an annual 
rotation of the vane, indicating periodical winds; and also 
the storms, though they are still rotatory, do not travel 
along so uniform a path, though this must still vary to a 
certain extent from the direction of the prevalent wind 
in order to produce a cyclone at all. They are most 
complicated of all in the temperate zones, where the Law 
of Gyration appears in its complete generality, and the 
storms, too, assume every known character. There is, 
however, one advantage which the temperate zones pos- 
sess over the torrid, viz. that the violence of the cyclones 
which they experience is much mitigated from the fury 
exhibited by the same storms between the tropics, where 
they commit such fearful ravages. 
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Practical Rules. 

In the preceding pages we have sought to reduce to 
certain principles the behaviour of the vane and the 
barometer, under the influence of the different classes of 
storms which may occur in the temperate and torrid 
zones, and have indicated their variations, which are due 
to the Law of Gyration. We may now pass on to the 
solution of the following problem, viz. what are the in- 
dications which the instruments will give of the approach 
of a storm. Ships' barometers are certainly costly instru- 
ments, and are liable to breakage at the moment of 
danger*; but aneroid barometers can be got for a 
moderate price (50s. to 60s.), and may be fastened up, 
like a clock, to the cabin bulk-head. There is no doubt 
that, by a general use of these instruments, whose accuracy 
is quite sufficient for the purpose, danger might often be 
escaped, as the warning they give is so timely that it will 
often be possible to reach a safe harbour or to postpone 
putting to *sea. The weather-scale (words), which is 
printed on most barometers, may lead to error ; so that I 
shall give briefly the rules for the variation of the 
instrument. 

1. Eegion of the Tbade-winds. 

The permanent wind of the torrid zone, NE. in the 

* Thorn recommends the sympiesometer which is described in the 
Edinburgh Journal of Science, No. 20, as particularly accurate in its indi- 
cations. 
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northern, SE. in the southern, hemisphere, is divided by 
the intermediate zone of Calms into two parts. This zone 
does not fall exactly on the equator, but a Utile to the 
northward of it, so that the SE. Trade-wind extends as 
a S. wind a few degrees above the equator into the 
northern hemisphere. The breadth of this zone is greater 
in summer than in winter (vide Tables, pp. 20-24). 

In the zone of the Trade-winds the level of the baro- 
meter varies very slightly in the yearly period, but on the 
outer edge of that zone stands about one or two tenths of 
an inch higher than on its inner edge ; so that the baro- 
meter gradually falls to this extent as the ship approaches 
the equator. In the diurnal period it changes very 
regularly, reaching a maximum at about 9 A.M. and p.m., 
and a minimum after 3 A. M. and P. M. This variation, how- 
ever, hardly extends above a tenth of an inch (p. 42). 

In the centre of a cyclone the fall of the barometer 
is often an inch * ; so that it follows at once that a sudden 
and rapid fall of the barometer indicates the approach of 
a cyclone. 

The path of a hurricane divides that portion of the 
earth's surface, over which it is circling, into two regions, in 

* In addition to the instances recorded above, we have the following 
notices of the faU of the barometer in certain localities : — 



Ship Duke of York at Kedgeree 


in 1833,^2-70 in. 


}f Hoioqua 


„ Timor Sea 


„ 1844, 2-20 


„ John 0* Gaunt 


„ China Sea 


„ 1846, 2-15 


Brig Freak 


„ Bay of Bengal 


„ 1840, 2-05 


Ship Exmouth 


„ South Indian Ocean,, 1846,2-00 




Havannah 


„ 1846, 1-95 


Ship London 


„ Bay of Bengal 


„ 1832, 1-90 


„ Anna 


„ China Sea 


„ 1846, 1-86 




The Mauritius 


„ 1824, 1-70 


Ship Neptune 


„ China Sea 


„ 1809, 1-55 


Port Louis 


„ The Mauritius 


„ 1819, 1-50 


Brig Mary 


„ "West Indies 


„ 1837, 1-50 



(Piddington, Horn-Book, p. 264.) 
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which the shift of the wind, as observed at a stationary point, 
is different. In the right hand* semicircle, on either hemi- 
sphere, it is ' with the hands of a watch ' N., R, S., W., K ; 
in the left hand semicircle it is * against the hands of a watch' 
K, W., S., K, N. This shows us that if a captain finds it 
necessary to lay his ship to, he must take great care to 
find out which is the proper tack. The right tack, in all 
cases, is that which will allow the ship, when the wind 
shifts, to come up with it. This would be the starboard 
tack in the right hand semicircle (starboard tacks taut ; if 
the wind be ENE., course of ship N.), and the port tack 
in the left hand semicircle (port tacks taut ; if the wind 
be NNE., course of ship R). If the ship were on the 
wrong tack in the respective semicircles, she would have 
to fall off in order to follow the wind as it shifts, and 
meanwhile be in a very perilous position, unable to offer 
any resistance, as her yards would be taken aback, even 
though she were under bare poles. 

If we go on and draw through the centre of the 
cyclone a line perpendicular to the direction of its 
advance, we shall divide the two semicircles into four 
quadrants. It is easily seen that the most dangerous 
quadrant of the two, which He in front of the observer at 
the centre, must be that in which the wind is blowing 
towards the path of the storm. This will be the right 
hand quadrant on the northern, the left hand on the 
southern hemisphere. In these two quadrants a ship 
cannot get farther away from the centre by sailing with 
the wind free. There is then nothing else for the captain 
to do but to heave-to on the proper tack, viz. the star- 
board tack on the northern, the port tack on the southern, 

* Right hand and left hand refer to an observer, placed at the centre of 
the cyclone circle, and looking forwards along the direction in which the 
storm is advancing. 



Digitized byLjOOQlC 



288 PRACTICAL RULES. 

hemisphere. If, however, the ship is in a locality in 
which the direction of the path of the cyclone is pretty 
certain, and finds herself, judging from the direction of 
the wind at the beginning of the storm, in such a position 
in the most dangerous quadrant, that the centre of the 
cyclone must pass very close to her, she will not run any 
greater risk by scudding before the wind and crossing the 
path of the cyclone, and then sailing out of the circle on 
the same course, than she would have run if she had been 
hove-to. 

In the left hand quadrant of the northern hemisphere, 
the right hand of the southern, a ship can get farther 
away from the centre by sailing before the wind. If the 
hurricane is too violent to allow of scudding, or the ship 
is so far from the centre that she has nothing to fear, and 
would be taken too much out of her course by scudding, 
she may be placed on the port tack in the northern 
hemisphere and on the starboard tack in the southern. 

The two other quadrants of the circle, those behind 
the centre, are the least dangerous quadrants, as the 
centre of the cyclone is moving, of itself away from 
ships situated therein. 

The cyclones of the Atlantic Ocean advance usually 
from SE. towards NW. within the torrid zone. Accord- 
ingly, if the wind shifts from ENE. through E. towards 
ESR, &c, the ship is lying on the right hand (i. e. NE.) side 
of the cyclone, and ought to steer towards the NE. in 
order to get away from the centre. This is impossible ; so 
she must heave-to on the starboard tack, and lie succes- 
sively towards N., NNR, NE., &c. 

If the ship be hove-to, and finds that the wind is 
keeping in the N.E. point and increasing, and that the 
barometer is falling rapidly, the captain may be quite 
sure that he is close to the track of the centre of the 
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cyclone, which is coming upon him from the SE. ; so that, 
after the lull, he may expect the hurricane to blow from 
the SW., and the barometer to rise rapidly. In such a 
case the ship ought to run before the wind towards SW., 
when she will soon find the barometer falling less 
rapidly, and the wind getting round towards ET. ; she 
must, however, hold on for some time longer on her 
southerly course. 

If the wind shifts * against the sun ' from NNE. through 
N. towards NNW., &c, the ship must be lying on the left 
hand side of the path of the cyclone in its advance from 
SE. towards NW., and should hold a SW. course. If this 
be from any reason impracticable, she must heave-to on the 
port tack, and He successively towards E., ENR, NE., &c. 

The following table, for the use of the seaman on the 
northern hemisphere, contains the position in which the 
ship should be laid, or the course she should hpld, for 
every point from which the wind can possibly blow in the 
most dangerous quadrant ; it also contains the other 
quadrants, as is easily seen. Nos. 1 to 17 represent all 
the winds which could be especially dangerous to ships 
in any Typhoons, which are travelling in the directions 
between NE. to SW. and SE. to NW. ; Nos. 5 to 17 the 
West India hurricanes within the torrid zone ; Nos. 9 to 
22 their course from the tropics to about the latitude of 
the Bermudas ; Nos. 15 to 25 their farther course in the 
temperate zone. 

The 2nd column gives the horizontal tangents to the 
cyclone circle, or the direction of the wind at any point 
at the commencement of the storm. The 3rd column 
gives the bearing of the centre with regard to the ship. 
The 4th gives one series of directions in which the wind 
may shift, for each of which the 5th column gives the 
course to be held or the tack on which she must be hove- 

u 
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to. The 6th and 7th columns are related in a similar 
manner and refer to the most dangerous side of the 
cyclone.* 

NORTHERN HEMISPHERE. 





lit 


Bearing of 

centre 
from Ship 


Shift of 
Wind 




Correspond- 
ing course 
tobeheld 


Shift of 
Wind 


t 


1 


KW. 


NE. 


NW. towards W. 


SE. \ 


NW. towards N. 




2 
3 


NW.byN. 
NNW. 


NE. byE. 
ENE. 


NW.byN. „ 
NNW. „ 


w. 
w. 


SE. by S. 
SSE. 




NW.byN. „ 
NNW. „ 


N. 
N. 




4 
5 


N.byW. 


E.bvN. 


N.byW. „ 


w. 
w. 


S. by E. 
S. 


i 
t 


N.bvW. „ 


N. 
E. 


4 


6 

7 


N. byE. 

NNE. 


E. by S. 
ESE. 


N.byE. ;; 

NNE. „ 


N. 
N. 


S.byW. 
SSW. 


N.birE. ;; 

NtfE. „ 


E. 
E. 


s 
1 

1 

2 


8 
9 


KB. by N. 
NE. 


SE. by E. 

SE. 


NE.byN. „ 
NE. „ 


N. 
N. 


SW. by S. 

SW. 


NKbyN. „ 


E. 
E. 


10 
11 


NE. by E. 

ENE. 


SE. by S. 
SSE. 


NE.byE. „ 
ENE. „ 


N. 
N. 


SW. by W. 
WSW. 


§ 


NE.byE. „ 
ENE. „ 


E. 
E. 


12 
13 


E.bvN. 


S. by E. 

S. 


E.lgN. „ 


N. 

N. 


W.tyS. 


s 


E.byN. „ 


E. 

S. 


■a 
g 


14 
15 


E. by S. 
ESE. 


S.byW. 
SSW. 


E.byS. " 
ESE. „ 


E. 
E. 


W. by N. 
WNW. 


Is 
• 


E.byS. 1 
ESE. „ 


a 
a 


s 


16 
17 


SE. by E. 

SE. 


SW. by S. 
SW. 


SE.byE. „ 
SE. 


E. 
E. 


NW.byW. 

NW. 


§ 
4 

<5 


SE.byE. „ 
SE. 


a 
a 


i 


18 
19 


SE. by S. 

SSE. 


SW.byW. 

wsw. 


SE.byS. „ 
SSE. „ 


E. 
E. 


NW.byN. 

NNW. 


SE.byS. „ 
SSE. „ 


a 
a 


J8 


20 
21 


S. by E. 
S. 


W.byS. 


a byE. „ 
S. 


E. 
E. 


N.byW. 


S. byE. „ 

a 


s. 
w. 


1 


22 
23 


S. by W. 

ssw. 


W.byN. 
WNW. 


DOW. „ 


S. 
S. 


N. by E. 

NNE. 


saw. „ 


w. 
w. 




24 
25 


SW. by S. 

SW. 


NW.byW. 
NW. 


SW.byS. „ 
SW. „ 


s. 
s. 


NE. by N. 
NE. / 




SW.byS. „ 
SW. „ 


w. 
w. 





Cyclones appear to be less frequent in the south-east 
trade. If, in that region, the barometer is observed to be 
felling, while the wind is shifting from SSE. through S., 
SSW., SW., towards NW., the ship is on the north-west 
or right hand side of a cyclone which is advancing from 

* (James Sedgwick.) The true Principles of the Law of Storms, practically 
arranged for both Hemispheres. London, 1854, 8vo. 

Remarks on Revolving Storms, published by order of the Lords Com- 
missioners of the Admiralty. London, 1868, 8vo. 
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NE. towards SW., and must therefore hold a NW. course, 
or else heave-to on the starboard tack. If the barometer 
continues falling while the wind holds in the SE., and is 
increasing, the ship is close to the path along which the 
centre is approaching. In this case the wind will chop 

SOUTHERN HEMISPHERE. 



ill 

ij * © 



Bearing of 

centre 
from Ship 



Shift of 
Wind 



Correspond- 
ing course 
to be held 



Shift of 
Wind 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 



S. by E. 

SSE. 
SE. by S. 

SE. 
SE. by E. 

ESE. 
RbyS. 

E 
E. by N. 

ENE. 
NE. by E. 

NE. 
NE.byN. 

NNE. 
N. by E. 

N. 

N.byW. 

NNW. 

NW.byN. 

NW. 



E 

E. by N. 
ENE. 

NE. byE. 

NE. 
NE. by N. 

m 

N. by E. 

N. 
N. by W. 

NNW. 
NW.byN. 

NW. 

NW.byW. 

WNW. 

W. by N. 

W. 

W. by S. 

WSW. 

SW.byW. 

SW. 



S.' towards W. 



S.byE. 

SSE. 
SE.byS. 

SE. 
SE.byE. 

ESE. 
E.byS. 

E.byN. 

ENE. 

NE.byE. 

NE. 

NE.byN. 

NNE. 

N.byE. 

N. 

N.byW. 

NNW. 

NW.byN. 

NW. 



S. 
S. 

s. 
s. 
s. 
s. 
s. 
s. 

E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
N. 
N. 
N. 
N. 



N. v 
N.|by W. X 

NNW. 
NW. by N. 

NW. 

NW.byW. 

WNW. 

W. by N. 

W. by S. 
WSW. 

SW.byW. 

SW. 
SW.byS. 

SSW. 
S. by W. 

S. byE. 

SSE. 
SE. by S. 



S. towards E. 



.by J 
SE. 



S.byE. 

SSE. 
SE.byS. 

SE. 
SE.byR 

ESE. 
RbyS. 

E.byN. 

ENE. 

NE.byE. 

NE. 

NE.byN. 

NNE. 

N.byE. 

N. 

N.byW. 

NNW. 

NW.byN. 

NW. 



E. 
E. 
E. 
E. 
E. 
E. 
E. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
W. 
W. 

w. 
w. 
w. 



about to NW. after the lull, and the barometer will begin 
to rise. In this case the ship must run before the wind 
towards NW., and she will soon find the wind shifting 
towards S., but must hold on, on a north-west course, for 
some time longer. If the wind shifts in the opposite 
direction, from E. through ENE., NE., &c, towards NW., 
the ship is on the south-east or left hand side of the 
path of the centre, which is advancing from NE. towards 
SW., and is therefore in the most dangerous quadrant, 

u 2 
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so that all that she can do is to heave-to on the port 
tack. 

The table (p. 291) for the southern hemisphere cor- 
responds to that just given for the northern. 

There is one point which must be remembered in the 
use of these tables, viz. that the shift of the wind within 
the cyclone is that which would be observed at a sta- 
tionary point. This may, in many cases, if the ship be 
itself making considerable way, be converted into a shift 
in a direction which is exactly opposite to that which 
would have been observed if the ship had been stationary 
in either of the cyclone semicircles, or at least may un- 
dergo considerable modification. This will always happen 
if the ship be in the most dangerous quadrant, and be 
scudding before the wind exactly as fast as the cyclone 
is advancing, or perhaps be gaining on it In order to 
illustrate this, I shall take the case of a ship in the 
middle of the most dangerous quadrant (enclosed between 
NW. and NE.) of a cyclone which is advancing from 
SE. towards NW. on the northern hemisphere. I shall 
take the diameter of the cyclone at 300 miles, and its 
rate of advance at 10 knots an hour. She would have 
the wind E. at the commencement of the hurricane, and 
this wind would shift towards S. in the course of the 
storm if it were observed at a stationary point. 

If the ship scuds ten knots an hour before the wind, 
she will find that the wind shifts to NE. in the first twelve 
hours and that the barometer falls rapidly. She will then 
cross the path of the cyclone with this wind, and will 
find that the wind shifts more rapidly half round the 
compass, to SW., in the course of the next seven hours. 
Between the fifteenth and. sixteenth hour the barometer 
will reach its lowest level, while the wind is NW., as the 
ship will be only about thirty miles from the centre. The 
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ship will cross the path of the centre for the second time 
between the eighteenth and nineteenth hours, but this 
will be after the centre has passed on, and the storm will 
end with a S. wind after about thirty hours. 

If we suppose the ship in the same place as before, but 
the rate of advance of the cyclone 1*5 times as great as 
the rate at which the ship is sailing, and therefore fifteen 
knots an hour, she will find the wind still holding in the 
E. and increasing during the first ten hours. In the next 
four hours the wind will have the normal shift towards 
SR, and be most violent at this last point, when the 
barometer is lowest. The cyclone will terminate after 
about twenty-eight hours, during the last ten of which 
the wind will have been due S. She will have approached 
to within ten or fifteen miles of the centre between the 
fourteenth and fifteenth hours. 

A ship which is hove-to in a cyclone, though she 
may have one or two knots an hour drift, will always 
have a normal shift of wind, i. e. the shift which would 
be given by the preceding rules for either semicircle, the 
right hand or the left hand one. The seaman cannot be too 
strongly urged to heave-to in the first instance if he is 
in waters which are liable to these cyclones, and is led by 
the signs of the weather to expect one. If his ship is 
once hove-to, he may ascertain accurately his position with 
regard to the cyclone, and then, either hold on on his 
former course, or choose any other which may be advisable 
for him, or, lastly, heave-to on the proper tack. 

As regards the period at which these storms are 
especially prevalent in the different parts of the torrid 
zone, we may say, as a general rule, that they usually 
occur when the sun is at its highest altitude, and reach 
their maximum of frequency at the end of this period ; 
consequently, in September in the West Indies and the 
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China Seas ; in February and March at the Mauritius and 
in the South Indian Ocean ; while in the Bay of Bengal 
they appear to be most frequent at the change of the 
Monsoons, i. e. in May and October. In addition to the 
figures already given, we find in Piddington's ' Horn-Book ' 
(p. 296, third edition, 1860) the following table* :— 

TABLE OF AVERAGE NUMBER OF CYCLONES IN DIFFERENT MONTHS 
OF THE YEAR, AND IN VARIOUS PARTS OF THE WORLD. 



in 

4 


LoesUty 


Authority 


Months 


4 


i 


i 


I 

< 


I 


§ 


s 


! 


! 


3 


1 


1 


123 
69 

300 
39 

24 
25 
46 

64 


West Indies. . . . 

»» .... 

it .... 

Southern Indian 7 

Ocean, 1809-1848 j 

Mauritius, 1820-1844 


Nautical Magazine . . 
U.S. Journal, 1843, p. 3 
C Royal Geographical 1 

C Reid\ Tnom, H.'Pid- ) 
I dington . . . . j 
? Mon. A. Labutte, l 
< Trans. Royal Society > 
(of Mauritius, 1849 . ) 


5 
9 

9 

1 
I 


7 
13 

15 

1 


11 
10 

15 

1 
1 


6 
8 

8 
5 

1 


5 

4 

9 
7 

1 


1 
1 

10 

2 
3 

2 


2 

5 

42 

4 
5 


13 
13 

96 

5 

1 
6 


10 
13 

80 

1 

8 
18 


7 
9 

69 

1 

12 
7 
10 


17 

4 

9 
6 

6 


7 
3 

6 

5 
3 


Bay of Bengal, 1800- 7 

1846 j 

China Sea, 1780-1845 


H. Piddlngton . . . 

CH. Piddlngton, CapO 
X tainKirsopp . . J 



The storms of the temperate zone in the southern 
hemisphere have more the character of gales than of 
cyclones, as is shown by the fact that the predominant 

* I have quoted from the last edition of the Horn-Book, and the table is 
more complete than that which is given in Professor Dove's work. My 
reason for doing so is that I find the following remark on the table in the 
Horn-Book : — 

'In the former editions of this work, I have stated that no cyclones have 
been known to occur in the month of May in the China Sea ; but from a 
letter from Capt. E. T. F. Kirsopp, commanding the steamer Juno at 
Manilla, I learn that a severe cyclone was experienced in the Bay of 
Manilla and in the adjacent China Sea as early as May 4, 1850. 

The essential matter, however, for us at present is the 
fact, that severe cyclones may occur in May in the China Sea, and thus 
upon the appearance of doubtful weather or an uneasy barometer the careful 
seaman will take due precaution. ' 

The importance of this fact will be, I hope, sufficient excuse for my adding 
it to the text — Trains. 
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change of direction is in accordance with the Law of 
Gyration. In the ' Ondersoekingen met den Zeethermo- 
meter' (* Experiments with the Marine Thermometer'), 
we read at p. 109 — * The course of the winds in storms is, 
with few exceptions, from ET. through W. towards SSW. 
Storms which begin with SSE. last longer, and do not 
change their direction much.' 

The barometer stands lower during all storms in the 
southern hemisphere than when there is no storm, as is 
shown by the following table : — 



Latitude . 


35°-40° 


40°— 45° 


45°— 50° 


N. 


-0-498 


-0-405 


-0490 


NNE. 


-0-498 


-0-482 


-0-291 


NE. 


-0-409 


-0-441 


-0-456 


ENE. 


-0-291 


-0-449 


— ... 


E. 


-0-350 


-0-354 


— ... 


ESE, 


-0-370 • 


-0-295 


-0-047 


SE. 


-0-272 


-0-228 


— ... 


SSE. 


-0-413 


-0-378 


-0-705 


S. 


-0-252 


-0-478 


-0-478 


SSW. 


-0-276 


-0-394 


-0-456 


sw. 


-0-315 


-0-563 


-0-311 


wsw. 


-0-323 


-0-582 


-0-378 


w. 


-0-425 


-0-567 


-0-478 


WNW. 


-0-374 


-0-689 


-0*571 


NW. 


-0-401 


-0-547 


-0-456 


NNW. 


-0-466 


-0*433 


-0-445 


Mean . . • 


-0-401 


-0-414 


-0-427 



This shows us that the barometer stands lowest with 
the equatorial current, as the polar current does not pro- 
duce so great a depression. 

Ordinary tornados and thunderstorms occur on each 
hemisphere at the time at which the sun has his greatest 
altitude ; so that they occur during our summer in the 
northern, during our winter in the southern, hemisphere. 
The hurricanes also assume the character of thunder- 
storms, i.e. they are accompanied by heavy rain and 
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violent electrical explosions. The appearance of the 
sky, as a cyclone is coming on, is characterised by masses 
of clouds which are continually changing their form, and 
frequently by a bank of clouds, in the distance, of extra-* 
ordinary blackness. 

On dry land, in certain regions, the Trombs take the 
peculiar form of dust whirlwinds, of which Baddeley* has 
given a very vivid description. The amount of electricity 
which is excited by the friction of the sand is so great 
that he was able to obtain from an insulated wire, not 
only bright sparks, but a continuous discharge of elec- 
tricity. 

As to the motion of the waves in a cyclone, they move 
out from the centre in directions which are more nearly 
radii of the circle the farther they are distant from the 
centre. Consequently, they move from the centre towards 
the circumference in lines somewhat inclined in the direc- 
tion in which the storm is rotating. Keid has already 
drawn special attention to this fact. 

Hence we obtain the following differences in this 
respect between the three classes of storms which we 
have considered. 

1. In a cyclone, the waves move at right angles to the 
direction of the wind, and the more so the farther they 
are from the centre. 

2. In a heavy gale, they move in the direction of the 
wind. 

3. In the case of a wind which has been stopped by 
another, they move against the wind. (Seamen then say 
that two winds are fighting with each other.) 

AH that we have said hitherto has referred to the torrid 
zone, properly so called, not to the outer edge of the 

* Whirlwinds and Dust-Storms of India, illustrated by numerous Dia- 
grams and Sketches from Nature. 
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Trade-winds, which shifts up and down with the sun like 
the belt of Calms. Hence the torrid zone will be bounded 
in all parts, excepting where the Monsoons are prevalent, 
by a belt, in which calms are of frequent occurrence, and 
which is called the sub-tropical zone. This zone forms a 
complete contrast to that which lies close to the equator. 
At the latter the air is continually ascending, at the 
former it is descending. At the equator the barometer is 
low, at the tropics it is high. At the equator the rain 
falls in summer, in the sub-tropical zone in winter. At 
the equator the two winds flow towards each other, in 
the sub-tropical zone they flow in opposite directions away 
from the tropics. All stations which belong to the sub- 
tropical zone are included during the summer in the 
Trade-wind, on its prolongation backward at that season, 
and during the winter are outside its area. Such a pro- 
longation in the direction of the poles as that described, 
is manifested in its most extensive form in the case where 
a great desert, like that in Northern Africa, prolongs the 
torrid zone into higher latitudes to a disproportionate 
extent. Hence, during the summer, northerly winds are 
prevalent in the Mediterranean, and are known under 
the name of Tramontane, while the Sirocco attains as 
exclusive a predominance in the winter, being the return 
counter Trade which has descended to the surface of the 
earth. This is the reason that the seaman finds, at the 
commencement of the Trade-wind, a more northerly wind 
on the east side of the Atlantic Ocean than on its west 
side. 

2. District of the Monsoons. 

During the summer months in the Indian Ocean, the 
SE. Trade-wind is prevalent in that part of the torrid 
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zone which is in the southern hemisphere, and the SW. 
Monsoon in that part which is in the northern. 

In the winter months the NE. Trade-wind is felt to the 
north of the equator, and the NW. Monsoon to the south 
of it. 

In consequence of this alternation, the NE. Trade is 
termed NE Monsoon, and the SE. Trade SE. Monsoon. 

In spring and autumn, in the so-called * change months/ 
there are calms ; on the coast, sea and land winds in the 
daily period. The change from one Monsoon to the other 
is usually accompanied by a storm, * the breaking-up of 
the Monsoon.' 

The SW. Monsoon extends much farther to the N. 
(lat. 30°) in the northern hemisphere than the NW. Mon- 
soon towards the S. in the southern ; however, the latter 
extends also far to the S. on the African coast 

The rainy season is observed, as it is in the region of 
the Trade-winds, when the sun is highest. It is, there- 
fore, during the SW. Monsoon on the northern, and 
during the NW. Monsoon on the southern, hemisphere. 

There is, however, a difference in the behaviour of the 
barometer. In the region of the Trade-winds it remains 
nearly constant throughout the year, in that of the 
Monsoons it varies regularly. During the SW. Monsoon 
the barometer stands several tenths of an inch lower than 
in winter, especially in the northern portion of the district ; 
and similarly in the southern hemisphere, it stands lower 
during the NW. than during the SE. Monsoon. At the 
equator this annual variation of the barometer disappears 
nearly entirely, in consequence of the compensation of 
the two opposite variations. 

The rotations of the storms of the China and Indian 
Seas are the same as those in the same latitudes in the 
region of the Trade-winds; however, on the coast of 
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China, their motion is rather from E. to W. than from 
SE. to NW. One important distinction is to be observed, 
that, in the district of the Monsoons, the storms are felt 
with great violence in the southern hemisphere as well as 
in the northern. 

The rotation of the vane during the Typhoons, although 
the direction of the rotation of the air itself is quite fixed 
(contrary to the hands of a watch), is yet, in consequence 
of the uncertainty of the direction in which the centre 
may possibly move, less fixed than during the West Indian 
storms. They take place during the SW. Monsoon, and 
occur up to November, being most frequent in September. 

If the Typhoon move from NE. to SW., on the NW. 
side of its path, the rotation is N., NR, R, or with the 
sun ; on the SE. side WJNW., SW., SSE., or against the 
sun. On the south coast of China the rotation is generally 
N., NE., R, SE., as the Typhoons which are passing from 
E. to W. usually pass to the south of the coast. 

According to Thorn, the storms* are never felt in the 
Indian Ocean excepting at the time when the NW. Mon- 
soon is prevalent between the equator and the tenth or 
twelfth degree of south latitude, and are most commbn 
just after the winter solstice, when the sun is turning back 
from the Tropic of Capricorn. 

The cyclones are most common in the district between 
the SE. Trade-wind and the NW. Monsoon, which is 
called the region of the * variables.' 

The rotatory motion takes place in the direction from 
E. through S. towards W. and N. The intensity of the 
cyclone increases regularly towards its centre. At the 
centre itself there is a dead calm, and the greatest violence 
of the storm is experienced at the edge of this calm circle. 
The diameter of this circle is greatest when the storm is 
just commencing. If the rotatory motion increases in 
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violence, the diameter of this circle is decreased to about 
ten or twelve English miles. 

The advance of the cyclone, up to lat 20° S., is at the 
rate of 200 to 220 miles in the twenty-four hours. From 
that point it becomes less rapid up to the outer edge of 
the SE. Trade. 

The direction of the advance is from lat. 10° S. near 
the Indian Archipelago, to lat. 28° or 30° on the east 
coast of Africa ; first towards WSW., then towards SW. 
by S., and lastly towards SSW. 

Throughout the whole of the cyclone torrents of rain 
fall, jvhich are more violent in front of it than behind it. 
The clouds are dark, massive, and lead-coloured, as the 
centre is approaching. Electrical explosions are most 
frequent on that side of the cyclone which is nearest to 
the equator. 

The sea is disturbed irregularly to the distance of 300 
or 400 miles during every such storm. 

The barometer falls fapidly as the centre of the cyclone 
approaches, but the lowest level appears to occur a little 
before it passes. 

3. North Temperate Zone. 

In my ' Meteorological Investigations,' 1837, I have 
stated expressly that the principal characteristic of the 
climate of the temperate zone is the alternation of two 
currents of air, of which the one flows from the pole to 
the equator, the other from the equator to the pole ; and 
in my ' Non-Periodical Variations of Temperature on the 
Surface of the Earth,' six parts, 1840-59, as well as in 
the ' Kepresentation of the Phenomena of Temperature 
by Means of Five-Day Means,' I have proved that these 
currents move simultaneously in proximity to each other. 



Digitized byLjOOQlC 



NORTH TEMPERATE ZONE. 301 

Hence, in these localities we can no longer speak of a 
constant direction of the wind, as in the zone of the 
Trade-winds, nor of one which changes periodically, as in 
that of the Monsoons, but only of a mean direction. This 
mean direction is nearly SW. * in the north, and NW. in 
the south, temperate zone ; inasmuch as the equatorial cur- 
rents are more prevalent than the polar. In Europe this 
westerly direction is more southerly in winter than in 
summer; in America the reverse is the case; and the 
gradual transition from one of these conditions to the 
other takes place on the Atlantic Ocean. Violent storms 
are felt here less frequently in summer than in the winter 
months, and in the Mediterranean Sea at the transition 
of one season into the other ; whence they are called here 
' equinoctial storms.' These storms are either, 1, gales, 
i. e. ordinary winds whose intensity has been greatly 
increased, and which cause the vane to rotate with the 
sun, but through comparatively small arcs ; 2, cyclones 
from the torrid zone, which have changed their path on 
-crossing the outer limit of that zone, and have taken a 
course from SW. to NE. in the northern, and one from 
NW. to SE. in the southern, temperate zone ; 3, currents, 
which, by their mutual interference, have checked and 
then repelled each other ; or 4, storms, produced by the 
sudden intrusion of the cold polar current into the warm 
equatorial current, a case of which many remarkable in- 
stances have been noted. Hence, the barometer during 
the yearly period neither remains steady nor varies 
regularly, but is subject to oscillations, which are greater 
in winter than in summer. The mutual alternation of 
the currents is indicated by a rotation of the vane with 
the sim, i.e. S., W., N., R, S. on the northern, and 
K, W., S., E., N. on the southern, hemisphere. Hence we 

* See Note, p. 82. 
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derive the following general rules for the variations of the 
meteorological instruments : — 

Since the southern current is warm, moist, and rarefied, 
the northern, on the contrary, cold, dry and dense, we 
derive the following rules for their alternation ; and we 
must remember that the cold polar current appears first 
in the lower strata of the atmosphere, while the wanner 
equatorial current will always have existed for some time 
in the upper strata before it is felt below. The changes 
of weather on the west side of the compass are, therefore, 
simultaneous with the changes of the barometer, while on 
the east side the indications of the barometer always 
precede the fall of rain which takes place. If the wind 
shifts from S. to N. through W., the barometer rises and 
the thermometer falls. This transition is characterised in 
winter by heavy falls of snow, in spring by sleet showers, 
and in summer by thunderstorms, after which the air 
becomes much cooler. If the wind veers from N. to 
NE., we have clear weather, the air is dry, the barometer 
high, and in winter intense cold follows, with great clear- 
ness of the atmosphere. As soon as the barometer begins 
to fall the wind gets round to the E. ; the sky, previously 
deep blue, covers itself with thin whitish clouds, and the 
snow which falls comes from the S. wind, which has 
already set in above. If the barometer falls rapidly, the 
snow turns to rain, and a thaw sets in, when the wind 
veers farther through SE. and S. towards SW.* 

The transition from a clear sky to an overcast one 

* The first notice of this transition is to be found in Drebbel, De Naturd 
JElementarum (concerning the nature of the elements), 1621. l If we see a 
thick cloud rising in summer not far from the south-west, we expect, and 
also find, that a SW. wind will soon blow, then a W., NW., and lastly a 
NNE. You see also why the E. or SE. wind brings such heavy and con- 
tinued rain with it in Holland and the adjacent countries. I could very 
easily explain, on natural grounds, the reasons of all these phenomena.' 



Digitized byLjOOQlC 



NOBTH TEMPERATE ZONE. 803 

usually commences with the appearance of fine streaky 
cirrus clouds, which gradually change to cirrostratus, and 
then the uniform coating of cloud is complete. This 
cirrus represents the equatorial current, seen from be- 
neath, which has already set in above, and marks its 
progress by the streaks of cloud. The water, on its 
condensation from the state of vapour, assumes the solid 
form at once ; so that these high clouds are not composed 
of bubble steam*, but of minute spiculae of ice, and they 
give rise to the halos of the sun and moon, which are 
caused by refraction of the light, and to the so-called 
rings, mock-suns, and mock-moons. 

If these appearances accompany a falling barometer, it 
is a sure sign that wet weather is coming on.f The reason 
that the long streaks of the cirrus appear to us as arcs of 
circles which diverge from one point of the horizon and 
reunite at the opposite point, is that they are projected on 
the apparently curved surface of the sky. This apparent 
curvature of the cirrus differs from the lateral feathery 
off-shoots of the same clouds, which show that the direc- 
tion of the upper wind is not quite constant. This latter 
form of cirrus, consequently, is a less certain sign of rain 
than the long arched clouds are. There is another form 
of cirrus, which does not always indicate rain, as the 
air gets warmed during the day and ascends ; if the 
temperature be high this ascending current sometimes 
reaches as high as the cirrus above, and then the latter 

* Nebelbldschen is the word translated ( bubble steam ' (yapeur vesieulaire, 
Ft.). It indicates visible steam, as distinguished from vapour, which is 
invisible. (Trans.) 

t The hollow winds begin to blow, 
The clouds look black, the glass is low ; 
Last night the sun went pale to bed, 
The moon in halos hid her head : 
T will surely rain. 
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breaks up into small cumuli, which are known in Germany 
under the names of Schafchen, Lammer-Gewdlk in 
South Germany, brebis in France, fleecy clouds in 
England, and were called by the Bomans veUera lance. 
Howard calls them c cirro-cumuli/ In the south of 
Europe they are said to be a sign of rain. In Northern 
Germany this is not the case, according to my observations. 

When the atmosphere is warm and dry, the outlines of 
distant objects become indistinct and hazy, owing to the 
dust which is suspended in the air, and the sun appears 
reddish. If easterly and northerly winds have lasted for 
a long time in summer, with very dry weather, and a 
moist wind sets in, its aqueous vapour condenses itself at 
once on the dust which is in the air, which thus becomes 
heavy and sinks to the ground. Under these circum- 
stances, the air becomes very clear, and in mountainous 
countries the mountains appear quite close, and the water- 
falls are heard more distinctly. This is considered an 
infallible sign of rain. 

The rain comes, as a general rule, from the west side ; 
so that a clear sunset is a proof that there is no rain 
coming from that quarter for some time. Hence, this is 
considered to be a sign of fine weather. 

In the evening, when the air ceases to ascend, the 
clouds sink, and are dissolved in the warm strata below. 
From this nothing can be augured for the following day. 
There is an old French proverb : — 

Temps, qui se fait beau la nuit, 
Dure peu quand le jour luit.* 

If the atmosphere is very damp, evaporation cannot go 
on, and this feeling produces in us the sensation which 
we designate by sultriness, druckende Lufk The direct 

* W#ather which clears Up at night, will not last when the day breaks. 
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action of the sun is then more felt, and we say the sun is 
scorching. 

If the south wind sets in suddenly in the upper strata 
in winter, the rain falls at once at that level, and small 
transparent grains of ice, i. e. rain frozen while falling, 
reach the ground. We say then that Glatteis (glazed 
frost) is falling, as the rain which soon sets in freezes on 
the ground and glazes it. We may then expect a SW. 
storm with a great fall of the barometer. 

In winter, rain, with a west wind and a rising baro- 
meter, turns to snow ; snow, with an east wind and a 
falling barometer, to rain. 

In spring, if the wind shifts through W. to N., we may 
.expect the weather to clear up suddenly and night frosts 
to set in, even though the thermometer, at a little height 
above the ground, may not fall below the freezing point. 

Heavy thunderstorms, which come up with an E. wind 
while the barometer is falling, do not cool the air. We 
say that it is still sultry and there will be another thunder- 
storm. The air does not grow cooler till a thunderstorm 
comes up from the W. and the barometer begins to rise. 

If several thunderstorms come on in succession from 
the W., each successive storm is usually more northerly 
than that which has preceded it. 

In the case of thunderstorms from the W., the under 
current is usually more northerly than the upper one ; 
consequently the true thunderclouds (cirro-strati) drive 
more or less at right angles to the lines of the cirrus 
above them. 

The greater the difference of temperature between the 
two currents which displace each other, and accordingly 
the greater contrast there is between their directions, the 
more likely they are to produce a thundercloud. The 
winds stop each other's path and produce a calm before 

x 
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the storm comes up. The cold wind then breaks in sud- 
denly, and it is a mistake to say that the thunderstorm 
has made the wind change. 

The winter thunderstorms in Norway are westerly 
storms, in which the under current is shifting quickly 
towards N. The barometer rises and cold follows. They 
are preceded by a thaw, mild weather, heavy rain, and 
southerly winds. 

Our winter thunderstorms in Germany, which are rare, 
exhibit the same character. There is, however, another 
type of these storms. This is exhibited when the equa- 
torial current sets in with great violence. In such a case, 
the thunder and lightning are often so tremendous that 
we say the sky is bursting open (der Himmel bffaet sich). • 
They are followed by a complete spring wind. 

The time at which thunderstorms are most common is 
regulated by the commencement of the rainy season. 
They are most common in the height of summer in the 
torrid zone ; in mid- winter in the district of the sub-tro- 
pical rains at the outer edge of that zone ; in spring and 
autumn in the south of Europe ; and in the middle of 
summer in that part which is north of the Alps, with the 
exception of Norway. They are, on the whole, rare in 
the frigid zone, but yet do occur there up to high lati- 
tudes. Lastly, they occur in volcanic districts, as secondary 
results of the rapidly ascending current above a volcano 
in eruption, and at times at which they are never observed 
unless under these circumstances. 

If bad weather continues for a long time, the vane 
oscillates between SW. and W., and the barometer 
fluctuates slightly. This is the true equatorial current. 

Thunderstorms in spring he at a low level, and do not 
last long ; they are usually followed by a return of cold 
weather. They are at times accompanied by sleet or 
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snow, and they frequently do considerable damage by 
means of lightning. The lower wool-pack clouds drive 
with a WJNW. wind, the upper cirrus with SSW. 

If the barometer rises very quickly, this indicates, not 
that the southern and northern currents are interfering 
with each other laterally, but that they have met and 
mutually stopped each other's way. A severe storm is 
sure to follow ; and if the barometer falls as quickly as it 
has risen, it shows that the southern current has prevailed, 
and that the danger is therefore close at hand. In this 
case, the lettering of a barometer which bears ' very dry ' 
for this level is totally wrong. 

If in winter a cold and a warm wind meet each other, 
and the southerly current has not sufficient force to over- 
come the resistance of the northerly current which 
opposes it, the barometer rises to a great height at the 
line of contact, and a thick fog appears there. This fog 
often disappears suddenly and reappears again, according 
as the southerly current gives way a little, and the place 
of observation comes off the line of contact into the true 
northerly current, and vice vers&. If severe cold follow 
such a fog, it shows that the northerly current has finally 
prevailed. 

If the barometer at any place oscillates violently, and 
the air remains at rest there, the disturbance must lie in a 
lateral direction. At times in winter the southerly cur- 
rent prevails over a large area, and the barometer is low, 
the air delightfully mild. Under these circumstances 
there is a very severe winter, with a high barometer some- 
where in the neighbourhood. It is possible that this cold 
air may force its way, as a storm, into the warm and 
rarefied air in its neighbourhood, and cause the barometer 
to rise rapidly. 

On the Atlantic Ocean, if the wind veers against the 

x 2 
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sun, i. e. from NE. through N. to NW., and the barometer 
be falling rapidly, the ship is probably in a cyclone whose 
centre lies to the SE. and is moving towards the NE. In this 
case she must steer NW., in order, if possible, to get away 
from the centre of the cyclone, where the danger is 
greatest. If it veer from SE. to S. and SW., and the 
barometer be falling, the ship is either in an ordinary 
gale, or in a cyclone whose centre lies to the NW. In 
the latter case she must steer SE. ; and this course is the 
best for her to take in general, as the ordinary SW. gales 
usually increase in intensity to the westward. 

If the wind continues a gale from the SE., and the 
barometer keep falling, it is probable that the ship is 
exactly in the path of a cyclone which is moving from 
SW. to NE. If the barometer still fall, and the wind 
keep in the same quarter but increase in violence, the 
centre is coming closer. If the ship come into the 
centre of the cyclone, there is a sudden lull -when the 
barometer is at its lowest level. This is the moment of 
greatest danger, as the storm will recommence from the 
quarter diametrically opposite, viz. from NW. In these 
cases the vane gives the tangents to the cyclone. In the 
West Indies these storms travel from SE. to NW., and the 
vane therefore shows NE. before the centre has passed 
and SW. afterwards. As soon as they reach the boundary 
of the torrid zone they turn at a right angle, and travel 
from SW. to NE. It is only this portion of the cyclone, 
on its altered course, which we feel in Europe, and, owing 
to the increase of its diameter, we are not exposed to its 
fury until this has been diminished. In these instances 
a fall of the barometer indicates the increase, a rise the 
decrease, of danger. 

Cyclones of a smaller diameter, known as * Trombs,' at 
times do great damage in our forests : their lateral extent 
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is comparatively small ; however, in the neighbourhood of 
the path of their centre they are capable of blowing 
down trees, * unroofing houses, and lifting heavy articles 
from the ground. In the progress of such a whirlwind its 
axis frequently receives a considerable inclination in the 
way it is moving, in consequence of the resistance pre- 
sented to the motion of the air by its friction with the 
ground. It is probable that many of our thunder and 
hailstorms are to be attributed to this circumstance. The 
grain of sleet, first formed at a great height in the air, 
makes several revolutions in the inclined whirlwind, and 
in its passage through cold and hot strata alternately it 
obtains the shell of ice, which covers the grain of sleet, 
like a grain of snow, in the centre, and at last becomes 
so heavy that it falls to the earth. The characteristic 
noise which precedes a hailstorm is owing to the rotatory 
motion of the hailstones before they fall. Such hail- 
storms, and many severe thunderstorms, present the 
striking appearance of a long, almost horizontal, column 
of clouds which is rolling on, and when projected on the 
sky appears more or less bent. At times the dark bank 
of clouds covers itself with a number of brighter stripes 
of grayish clouds, which envelope it, like a waterfall does 
the cliff over which it falls. The edges of the whirlwind 
seem to favour the formation of hail, in consequence of 
the fact that there the circles described by the hailstones 
are largest, and consequently the difference of tempera- 
tures which they have to pass through is greatest. It has 
been very often observed that the district where hail fell, 

* In September 1848, 1 saw what such a Tromb had done in the forest 
of Biesenthal near Neustadt-Eberswalde. The track was like a long trough 
with sloping sides. Along the centre the trees had all been broken off close 
to the ground, and towards the sides you found them broken off nearer and 
nearer the top, and many of them twisted together. 
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whose breadth is never great, has been double, with a 
district in the middle where it has only rained. The 
reference of the formation of hail to the whirlwind ex- 
plains the fact that the boundaries of the hail district are 
often very clearly marked. The barometer is not much 
affected by hailstorms : they are local phenomena which it 
cannot indicate, as it measures the total pressure of the 
atmosphere, and therefore only gives notice of phenomena 
which are on a great scale. 

The sudden squalls which accompany these thunder- 
storms are sometimes very dangerous to ships if their 
upper sails are not reefed. In the year 1850, at Herings- 
dorf, I witnessed a thunderstorm like this, on a day which 
was otherwise very fine. It lasted a very short time, and 
there was only one clap of thunder, like a cannon shot. 
On the passage to Eiigen next day, I saw a ship at the 
mouth of the harbour of Swinemunde, which had cap- 
sized in bright sunshine, so suddenly that the corpse of 
one of the crew could not be got out of the cabin. 

Lettering on barometers loses its value from the fact, 
that the difference of temperature, and therefore of density 
between the two currents, is much greater in winter than 
in summer. Inasmuch as the fluctuations of the baro- 
meter in winter are much greater than in summer, it is 
evident that the scale for winter should have at least 
double the extent that it has for summer. It is easy to 
see how such lettering has arisen. Correctly speaking, 
the highest mark should be NE. wind, or, better, ' polar 
current ;' that in the middle E. or W. wind, or, better, 
* transition ;' the lowest SW. wind, or, better, * equatorial 
current.' The air of the polar current flows from a colder 
to a warmer climate ; so that, as its capacity for the absorp- 
tion of aqueous vapour is increasing, the effect of this 
increase is entered on the scale as * very dry.' At the 
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transition of one current into the other, rain fails, owing 
to the mixture of the air belonging to the two currents ; 
but at the same time the weather either breaks or clears 
up for a time, so that this point is marked ' change.' The 
southern current, as it moves into higher latitudes and 
comes into contact with a surface whose temperature is 
continually decreasing, discharges the aqueous vapour 
which it has absorbed; so that we have at the point 
corresponding to it ' much rain/ If the southern current 
forces its way to the northward very rapidly, the contrast 
between the pressure exerted by the rarefied air of which 
it consists, still farther diminished by the condensation of 
its aqueous vapour, and the mean value of the atmo- 
spherical pressure, is greatest, and consequently the lowest 
mark on the barometer is * stormy.' 

From what has been said above, it is easy to see that, 
as the barometer rises with rain on the W. side, and falls 
with it on the E. side, of the compass, it is impossible to 
lay down rules for the weather which do not take the 
direction of the wind into consideration, as has been 
attempted by many persons. At times the phenomena of 
the one side pass into those of the other, without any 
change or interruption in the form of the discharge 
having taken place. If after severe cold it begins to 
snow, and the vane moves from E. to SE., the barometer 
falls and the cold grows less intense ; however, it does not 
always rise above the freezing point. In this case, when 
the wind gets round to S., the snow does not turn to rain, 
and if this S. wind is, in a short time, in its turn displaced, 
the fall of snow is uninterrupted, but really it consists of 
two separate formations : one, while the barometer is fall- 
ing, in consequence of the displacement of a colder by a 
warmer wind ; and the other, while it is rising, from the 
converse change. The rule that fresh snow brings fresh 
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cold arises from the fact, that snow is more usual with W. 
than with E. winds. It is also easily seen that snow can 
never fall when the temperature is very low, since it arises 
from the contact of two currents whose temperature is 
different. It is certainly true that some snow falls when 
the cold is very intense ; but in this case it does not take 
the form of flakes, but rather that of spiculae of ice, 
which owe their origin to a stratum of clouds which 
belongs to a warmer current, lying at a great height in 
the atmosphere. These needles, passing in their fall 
through very dry air, cannot increase in size, and hence 
cannot assume the form of flakes. If the variations of 
the barometer in summer and winter were of equal 
extent, or, in other words, were the difference of pressure 
of the two currents constant, the barometer would, 
generally speaking, stand lowest during rain. This is, 
however, not the case as regards the yearly mean ; for the 
depression of the barometer during S. winds below its 
mean level is greater in winter than in summer, while 
the usual form of the discharge in winter is that of snow. 
During the course of one single revolution of the vane, 
the barometer is lower in rain than in snow. 

If in spring, in the centre of Europe, the barometer be 
high, and the wind easterly, we may expect to have 
strong S. winds, accompanied by heavy rain, in the south, 
e. g. in the Mediterranean ; since the high level of the 
barometer is owing to the fact, that the wind blowing 
from higher latitudes has been prevented from finding a 
passage to the south by the sirocco, which is blowing in 
the opposite direction, and which is the upper current 
returning to the surface of the earth at the outer boundary 
of the Trade-wind. We further deduce the following fact 
from the Law of Gyration: — Southerly winds in high 
latitudes are more westerly; northerly, in low latitudes 
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more easterly : the only winds which can preserve their 
direction unaltered over a large area are due E. and W. 
winds. 

Kotations of the vane against the sun, which extend 
beyond S. or E., indicate cyclones ; if they only extend 
from NW. to SW., or from ENE. to NNE., they are often 
only a return of the vane to its original position, indi- 
cating, in the one case, that the equatorial, in the other, 
that the polar, current continues prevalent. 



4. South Temperate Zone. 

The regular rotation of the wind in this zone is with 
the sun, i. e. from S. through E. and N. to W. and S. ; 
and similarly in cyclones, when the ship is on the NE. 
side of the path which is travelling from NW. to SE., it 
is from NNE. through N> and NW. to W. and WSW. ; 
and in both cases the barometer falls until the wind 
reaches NW., and then rises. The only difference is that 
in a cyclone the temperature does not vary to any extent, 
while in the case of the alternation of the regular currents 
it rises while the barometer falls., and vice vers&. If the 
wind veer from W. through SW. to SK, the barometer 
in general rises and the thermometer falls. The prevalent 
wind, when the barometer is highest and the thermo- 
meter lowest, is SE., and when the converse conditions 
are fulfilled, NW., especially in the cold season ; the 
atmosphere also is clear with SE., and thick with NW. 
If the wind veer from W. through SW. to SE., the 
weather clears up ; if from SE. through NE. and N. to 
NW., it breaks, and there is rain. If the wind veer 
against the sun from ENE. through SE. to S., the ship is 
probably on the SW. side of the path of a cyclone travel- 
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ling from NW. to SE. The rules for finding the position 
of the centre and the course to hold have been already 
given. 

The only parts of the earth which I have not con- 
sidered are the frigid zones. The stormy periods here 
seem to be the summer, and the transition from winter to 
summer ; the winter itself is, comparatively speaking, a 
time of calms. In the American polar sea, the barometer 
stands at its highest level in spring. According to Boss's 
observations, the permanently low level of the barometer, 
which was first observed at Cape Horn by Krusenstern, 
appears to extend far into the antarctic zone. This dis- 
trict of barometrical depression is of far greater extent 
than that in the vicinity of Iceland. The cold air, lying 
over the ice-fields, seems to stop the most violent south 
winds, which accordingly deposit their aqueous vapour in 
heavy falls of snow in their attempts to force a passage ; 
hence large floes which are rotating are surrounded by a 
wall of snow. Very little of this snow penetrates to the 
interior of the floe, while the different points of the cir- 
cumference come successively into the area where the 
contest is going on (Scoresby). In the immediate neigh- 
bourhood of the pole the rotation of the vane becomes 
complicated ; since the influence of the rotation of the 
earth on the wind changes as soon as storms pass the 
pole, from the fact that the velocity of rotation of the 
surface with which the air comes in contact, which had 
been previously decreasing, begins to increase again. The 
dense fogs which arise from the difference of temperature 
of the sea, and the very cold air lying immediately above 
it, and the similar fogs which are due to the difference of 
temperature of the air over the sea and over the ice-floes, 
are the prevailing form which the condensation of moisture 
takes in these regions. This form is also not unusual in 
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spring in the N. Atlantic Ocean, owing to masses of ice 
which are drifting southwards, and is an indication of 
the proximity of icebergs, especially off Newfoundland. 

There are too few data for the Pacific Ocean to permit 
me to enter into a detailed examination of the differences 
between the phenomena on that and on the Atlantic 
Ocean. The description of the storm in the harbour of 
Avarua, in Earatonga, which is given by Williams,* 
shows that the hurricanes are very violent in those seas. 
He says : ' The whole island quivered to its centre when 
the waves broke on the coasts. A vessel belonging to 
the missionaries was carried over a marsh into a wood 
of large chestnut trees some hundred yards from the 
shore. The rain fell in torrents from morning to night.' 



The practical rules which have just been given are 
intended to serve a twofold purpose. Firstly, they will 
indicate to the seaman the conclusions as to approaching 
weather, which he may draw from the appearance of 
the sky and the behaviour of the meteorological instru- 
ments, especially of the barometer. Secondly, they will 
show him which of the phenomena are, as yet, imper- 
fectly explained, and which, therefore, demand a more 
accurate investigation by means of additional observations. 
It is very satisfactory to find that practical seamen like 
Fitzroy, Maury, Van Gogh, Andrau, and Jansen, are taking 
steps to indicate to the officers of the naval and mercantile 
service what points it is important, not only for science, 
but also for themselves, that they should ascertain. By 
this means central stations, like the Board of Trade, the 
National Observatory at Washington, and the Meteoro- 

* Narrative of Missionary Enterprises in the South Sea Islands. 
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logical Institute of the Netherlands, have been established, 
at which the fragmentary materials are registered and 
worked up into a collected whole. 

In my opinion the strictly meteorological element of 
such investigations has not been brought forward in a 
sufficiently prominent manner in the instructions furnished 
by these institutions ; and I have, therefore, sought to 
supply the deficiency by the present work. 

The theory which has been here propounded, and 
which has been developed by me in various treatises 
since the year 1827, assigns answers to the following 
problems: — 

1. Why the storms of the torrid zone appear more 
frequently in certain districts than in others. 

2. Why they take the form of cyclones ; and why the 
rotation in a cyclone is in a different direction on the 
northern to what it is on the southern hemisphere. 

3. Why they move in fixed directions within the 
tropics, and turn at a right angle as soon as they cross 
the boundary of the torrid zone. 

4. Why the cyclone increases in diameter and decreases 
in intensity when this change of path has taken place. 

5. Why the form of the storms of the temperate zones 
presents more variety,* and why in these districts certain 

* In what cases these are not to be distinguished (from a local point of 
view) has already been explained. The following is an important historical 
example. Macaulay, History of England, vol. ii. p. 456, says: — 'The 
weather had indeed served the Protestant cause so weU, that some men of 
more piety than judgement fully believed the ordinary laws of nature to 
have been suspended for the preservation of the liberty and religion of 
England. Exactly a hundred years before (they said) the Armada, invin- 
cible by man, had been scattered by the wrath of God : civil freedom and 
Divine truth were again in jeopardy, and again the obedient elements had 
fought for the good cause. The wind had blown strong from the east while 
the prince had wished to sail down the Channel, had turned to the south 
when he wished to enter Torbay, had sunk to a calm during the disembark- 
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characters of storms are more prevalent at certain seasons 
and at certain localities than at others. 

In conclusion, I wish to draw attention to the fact, that 
the theory which has been developed in the foregoing 
pages is only intended to exhibit the principles from which 
we may deduce, not only the Trade-winds and Monsoons, 
but also the regular movements of the atmosphere of the 
regions of changeable winds, when it is not disturbed by 
storms. According to the explanation which has been 
given of them, the hurricanes tend to accelerate the earth 
in its motion round its axis, whereas the constant Trade- 
wind tends to retard it. The compensating element for 
the conservation of the earth's rotation, which would 
otherwise be affected by the great Trade-wind currents, 
is furnished by the various westerly currents, viz. the 
predominant equatorial, and consequently westerly cur- 
rent in the temperate zone ; the SW. Monsoon of the 
northern, and the NW. Monsoon of the southern, Indian 
Ocean ; and, lastly, the hurricanes. Despite the destruc- 
tive action of the last-named movements, they must still 
be regarded, in the general sense of the term, as agents 
in the conservation of the vital force in the great organism 
of the earth. The whole of the phenomena which we 
have described furnish us with confirmatory proofs, on a 
great scale, and borrowed from the earth itself, of the 
great fact that the earth rotates about its axis — a fact 
whose first discovery is due to the science of astronomy. 

Li this second edition I have discussed the theories of 
ethers at greater length than I did in the first. My 
reason for doing so has not been to bring forward 
my own theories more prominently, but to show the 
error of the idea that all atmospherical phenomena may 

ation, and as soon as the disembarkation was completed had risen to a storm, 
and had met the pursuers in the face.' 
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be discussed according to any one cut-and-dry pattern. 
There are so many agencies always at work disturbing 
the equilibrium of the atmosphere — the radiation, whose 
extent varies from day to day — the infinite variety in the 
surface of the ground — the ocean currents, and the dif- 
ferent forms in which aqueous vapour presents itself — 
that the Calms ought to excite our astonishment in a 
much higher degree than the Wind. The atmosphere is 
eternally striving to attain equilibrium without ever suo 
ceeding. The character of the disturbance itself, and the 
process of restoration of the equilibrium, exhibits in each 
case a distinct type ; so that the problem which presents 
itself to the meteorologist is to discover the typical form 
of the phenomenon, which presents in each several case of 
its occurrence variations of more or less extent from the 
original type. Generally speaking, the principal types 
have been distinguished as Wirbelwind and stetiger Sturm, 
hurricane and gale, ouragan and tempete ; but these two 
forms pass into each other by such insensible gradations, 
that a gale may become a whirlwind at one point of 
its course, without being a true cyclone in the strict sense 
of the word. I have been anxious to show, as clearly as 
possible, how unjustifiable it is to confound the effects of 
the Law of Gyration with those of rotatory storms — an 
error into which many have fallen, and which has not yet 
disappeared. The reason that many physicists refuse to 
recognise the existence of cyclones has arisen from the 
fact, that the disciples of the cyclone theory have thought 
that they had discovered a cyclone wherever the rotation 
of the earth about its axis exhibited itself in the rotation 
of the vane,* and have consequently left blots which 

* The influence exerted by the motion of the earth is well described by 
Herschel in the following words (Meteorology, p. 67) : — * To form a right 
estimate of its importance, it is only necessary to observe, that of all the 
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their adversaries were not slow to hit. Those who, in 
exposing such errors as these, willfully shut their ears to 
Nature when she speaks to them in such unmistakable 
language as she does in the Typhoons and West India 
Hurricanes, ignore the problem which it is the business of 
meteorologists to attempt to solve, viz. to interpret her 
language, however varied the expressions which she 
employs may be. 

winds which occur over the whole earth, one-half at least, more probably 
two-thirds, of the average momentum is nothing else than force given 
out by the globe in its rotation in the Trade currents, and in the act of 
reabsorption or resumption by it from the anti-Trades.' 
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to the Death of King Edward II. 
By W. Longman, F.S.A. Maps and 
Illustrations. 8vo. 15*. 

History of the Life & 

Times of Edward III. By W. Long- 
man, F.S.A. With 9 Maps, 8 Plates, 
and 16 Woodcuts. 2 vols. 8vo. 2&r. 

History of the Life and 

Reign of Richard III. To which is 
added the Story of Perkin Warbeck, 
from Original Documents. By James 
Gairdner. With Portrait and Map. 
Crown 8vo. iar. 6d. 

The Life of Simon de 

Montfort, Earl of Leicester, with 
special reference to the Parliamentary 
History of his time. By G. W. 
Prothero. Crown 8vo. Maps, gs. 

History of England un- 
der the Duke of Buckingham and 
Charles I. 1624-1628. By S. R. 

Gardiner. 2 vols. 8vo. Maps, 24*. 

The Personal Govern- 
ment of Charles I. from the Death of 
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A Student's Manual of 

the History of India from the Earliest 
Period to the Present. By Col. 
Meadows Taylor, M. R. A. S. Third 
Thousand. Crown 8vo. Maps, 7«y. 6d. 

Indian Polity ; a View of 
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Edition. Crown 8vo. 10s. 6d. 

Zeller's Plato & the Older 

Academy. Translated by S. Frances 
Alleyne and Alfred Goodwin, 
B.A. Crown 8vo. iSs. 



Epochs of Modern His- 
tory. Edited by C Colbeck, M.A. 

Church's Beginning: of the Middle 

Ages, 2s. 6d. 
Cox's Crusades, 25. 6d. 
Creighton's Age of Elizabeth, 2s. 6d. 
Gairdner's Houses of Lancaster and 

York, 2s. 6d. 
Gardiner's Puritan Revolution, 2s. 6d. 

Thirty Years' War, 2s. 62, 

Hale's Fall of the Stuarts, 2s. 6d. 
Johnson's Normans in Europe, 2/. 6d. 
Ludlow's War of American Indepen- 
dence, 2s. 6d. 

Morris's Age of Anne, 2s. 6d. 
Seebohnrs Protestant Revolution, 

price 2s. 6d. 
Stubbs's Early Plantagenets, 2s. 6d. 
Warburton's Edward III. 2s. 6d. 

Epochs of Ancient His- 
tory. Edited by the Rev. Sir G. W. 
Cox, Bart. M.A. & C. Sankey, M.A. 

Beesr/s Gracchi, Marius & Sulla, 2s.6d. 
Capes's Age of the Antonines, 2s. 6d. 

Early Roman Empire, 2s. 6d. 

Cox's Athenian Empire, 2s. 6d. 

Greeks & Persians, 2s. 6d. 

Curteis's Macedonian Empire, 2s. 6d. 
Ihne's Rome to its Capture by the 

Gauls, 25. 6d. 

Merivale's Roman Triumvirates, 2s. 6d. 

Sankey's Spartan & Theban Supre- 
macies, 2s. 6d. 

Epochs of English His- 
tory. Edited by the Rev. Mandell 
Creighton, M.A. 

Browning's Modern England, 1820- 
1874. 9*. 

Cordery's Struggle against Absolute 
Monarchy, 1603-1688, gd. 

Creighton's (Mrs.) England a Conti- 
nental Power, 1066-1216, gd. 

Creighton's (Rev. M.) Tudors and the 
Reformation, 1485-1603, gd. 

Rowley's Rise of the People, 1215-1485, 
gd. 

Rowley's Settlement of the Constitu- 
tion, 1688-1778, gd. 

Tancock's England during the Ameri- 
can & European Wars, 1778-1820, gd. 

York-Powell's Early England to the 
Conquest, is. 



Digitized byLjOOQlC 



WORKS published by LONGMANS &• CO. 



The Student's Manual of 

Modem History ; the Rise and Pro- 
gress of the Principal European Nations. 
By W. Cooke Taylor, LL.D. Crown 
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Translated from the German Work of 
Dr. LudwigNohl by Lady Wallace. 
2 vols, crown 8vo. 21 s. 

Life of Robert Frampton, 

D. D. Bishop of Gloucester, deprived as 
a Non -Juror in 1689. Edited by T. S. 
Evans, M.A. Crown 8vo. 10s. 6d. 



Felix Mendelssohn'sLet- 

ters, translated by Lady WALLACE. 
2 vols, crown 8vo. $s. each. 

Autobiography. By John 

Stuart Mill. 8vo. 7s. 6d. 
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don Amos, M.A. 8vo. iSs. 

A Primer of the English 

Constitution and Government By 

S. Amos, M.A. Crown 8vo. 6s. 

A Sketch of the History 

of Taxes in England from the 
Earliest Times to the Present Day. 
By Stephen Dowell. Vol. I. to 
the Civil War 1642. 8vo. 10s. 6d. 
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M.A. 2s. 6d. 



Miscellaneous Writings 

of J. Conington, M.A. Edited by 
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8vo. 3s. 6d. 

Miscellaneous and Post- 
humous Works of the late Henry 
Thomas Buckle. Edited by Helen 
Taylor. 3 vols. 8vo. 52J. 6d. 

Miscellaneous Works of 

Thomas Arnold, D.D. late Head 
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or imperial 4to. 5^. 
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Outlines of Astronomy. 

By Sir J. F. W. Herschel, Bart. M. A. 
Latest Edition, with Plates and Dia- 
grams. Square crown 8vo. 12s. 

Essays on Astronomy. 

A Series of Papers on Planets and 
Meteors, the Sun and Sun-surrounding 
Space, Star and Star Cloudlets. By 
R. A. Proctor, B.A. With 10 Plates 
and 24 Woodcuts. 8vo. I2j. 

The Moon ; her Motions, 

Aspects, Scenery, and Physical Con- 
dition. By R. A. Proctor, B.A. 
With Plates, Charts, Woodcuts, and 
Lunar Photographs. Crown 8vo. ios.6d. 

The Sun ; Ruler, Light, Fire, 

and Life of the Planetary System. By 
R. A. Proctor, B.A. With Plates & 
Woodcuts. Crown 8vo. 14J. 

The Orbs Around Us; 

a Series of Essays 'on the Moon & 
Planets, Meteors & Comets, the Sun & 
Coloured Pairs of Suns. By R. A. 
Proctor, B.A. With Chart and Dia- 
grams. Crown 8vo. Js. 6d. 

Other Worlds than Ours ; 

The Plurality of Worlds Studied under 
the Light of Recent Scientific Re- 
searches. By R. A. Proctor, B.A. 
With 14 Illustrations. Cr. 8vo. 10s. 6d. 

The Universe of Stars; 

Presenting Researches into and New 
Views respecting the Constitution of 
the Heavens. By R. A. Proctor, 
B.A. Second Edition, with 22 Charts 
(4 Coloured) and 22 Diagrams. 8vo. 
price ior. 6d. 

The Transits of Venus ; 

A Popular Account of Past and Coming 
Transits. By R. A. Proctor, B.A. 
.20 Plates (12 Coloured) and 27 Wood- 
cuts. Crown 8vo. Ss. 6d. 

Saturn and its System, 

By R. A. Proctor, B.A. 8vo. with 
14 Plates, 14J. 



The Moon, and the Con- 
dition and Configurations of its Surface. 
By E. Neison, F.R.A.S. With 26 
Maps & 5 Plates. Medium 8vo. 31*. 6d. 

Celestial Objects for 

Common Telescopes. By T. W. 

Webb, M. A. With Chart and Wood- 
cuts. New Edition in the press. 

A New Star Atlas, for the 

Library, the School, and the Obser- 
vatory, in 12 Circular Maps (with 2 
Index Plates). By R. A. Proctor, 
B. A. Crown 8vo. $s. 

Larger Star Atlas, for the 

Library, in Twelve Circular Maps, 
with Introduction and 2 Index Plates. 
By R. A. Proctor, B.A. Folio, i$s. 
or Maps only, 12s. 6d. 

Dove's Law of Storms, 

considered in connexion with the 
Ordinary Movements of the Atmo- 
sphere. Translated by R. H. Scott, 
M.A. 8vo. 105. 6d. 

Air and Rain; the Begin- 
nings of a Chemical Climatology. By 
R. A. Smith, F.R.S. 8vo. 24*. 

Air and its Relations to 

Life, 1 774-1874; a Course of Lec- 
tures delivered at the Royal Institution. 
By W. N. Hartley, F. C. S. With 66 
Woodcuts. Small 8vo. 6s. 

Schellen's Spectrum 

Analysis, in its Application to Terres- 
trial Substances and the Physical 
Constitution of the Heavenly Bodies. 
Translated by Jane and C. Lassell, 
with Notes by W. Huggins, LL.D. 
F. R. S. 8vo. Plates and Woodcuts, 28*. 

A Treatise on the Cy- 
cloid, and on all forms of Cycloidal 
Curves, and on the use of Cycloidal 
Curves in dealing with the Motions of 
Planets, Comets, &c. and of Matter 

- projected from the Sun. By R. A. 
Proctor, B.A. With 161 Diagrams. 
Crown 8vo. ioj. 6d. 
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Professor Helmholtz , 

Popular Lectures on Scientific Sub- 
jects. Translated by E. Atkinson, 
F. C. S. With numerous Wood Engrav- 
ings. 8vo. 12s. 6d. 

Professor Helmholtz on 

the Sensations of Tone, as a Physio- 
logical Basis for the Theory of Music. 
Translated by A. J. Ellis, F.R.S. 
8vo. 36>. 

Ganot's Natural Philo- 
sophy for General Readers and 
Young Persons ; a Course of Physics 
divested of Mathematical Formulae and 
expressed in the language of daily life. 
Translated by E. Atkinson, F.C.S. 
Third Edition. Plates and Woodcuts. 
Crown 8vo. p. 6d. 

Ganot's Elementary 

Treatise on Physics, Experimental 
and Applied, for the use of Colleges 
and Schools. Translated and edited 
by E. Atkinson, F.C.S. Eighth 
Edition. Plates and Woodcuts. Post 
8vo. 151. 

AniOtt's Elements Of Phy- 
sics or Natural Philosophy. Seventh 
Edition, edited by A. Bain, LL.D. 
and A. S. Taylor, M.D. F.R.S. 
Cnown 8vo. Woodcuts, 12s. 6d. 

The Correlation of Phy- 
sical Forces. By the Hon. Sir W. 
R. Grove, F.R.S. &c. Sixth Edition, 
revised and augmented. 8vo. 15*. 

Weinhold's Introduction 

to Experimental Physics ; including 
Directions for Constructing Physical 
Apparatus and for Making Experiments. 
Translated by B. Loewy, F.R.A.S. 
- WithaPrefacebyG. C. Foster, F.R.S. 
8vo. Plates & Woodcuts 311. 6d. 

A Treatise on Magnet- 
ism, General and Terrestrial. By H. 
Lloyd, D.D. D.C.L. 8vo. ior. 6d. 

Elementary Treatise on 

the Wave-Theory of Light By 
H. Lloyd, D. D. D. C. L. Sto. iox. 6V. 



Fragments of Science. 

By John Tyndall, F.R.S. Latest 
Edition. Crown 8vo. iox. 6d. 

Heat a Mode of Motion. 

By John Tyndall, F.R.S. Fifth 
Edition nearly ready. 

Sound. By John Tyndall, 

F.R.S. Third Edition, including 
Recent Researches on Fog-Signalling. 
Crown 8vo. price iox. 6d. 

Researches on Diamag- 

netismand Magne-CrystallicAction; 
including Diamagnetic Polarity. By 
John Tyndall, F.R.S. With 6 
Plates and many Woodcuts. 8vo. 14*. 

Contributions to Mole- 
cular Physics in the domain of Ra- 
diant Heat By John Tyndall, 
F.R.S. Plates and Woodcuts. 8vo. 16s. 

Six Lectures on Light, 

delivered in America in 1872 and 1873. 
By John Tyndall, F.R.S. Second 
Edition. Portrait, Plate, and Diagrams. 
Crown 8vo. Js. 6d. 

Lessons in Electricity at 

the Royal Institution, 1875-6. By 
John Tyndall, F.R.S. With 58 
Woodcuts. Crown 8vo. 2s. 6d. 

Notes of a Course of 

Seven Lectures on Electrical Phe- 
nomena and Theories, delivered at 
the Royal Institution. By John Tyn- 
dall, F.R.S. Crown 8vo. is. sewed, 
or is. 6d. cloth. 

Notes of a Course of Nine 

Lectures on Light, delivered at the 
Royal Institution. By John Tyndall, 
F.R.S. Crown 8vo. is. sewed, or 
is. 6d. cloth. 

Principles of Animal Me- 
chanics. By the Rev. S. Haughton, 
F.R.S. Second Edition. 8vo. 21 s. 
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Text-Books of Science, 

Mechanical arid ' Physical, adapted for 
, the use of Artisans and of Students in 
Public and Science Schools. Small 
8vo. with Woodcuts, &c. 

Abney'a Photography, 3*. 6d. 
Anderson'&Strengthof Materials, 3J.6W. 
Armstrong's Organic Chemistry, 3*: 6d. 
Barry's Railway Appliances, $s. 6d. 
Bloxam's Metals, $s. 6d. 
Coodeve's Mechanics, 3^. 6d. 

Mechanism^ 3*. 6d. 

Gore's Electro-Metallurgy, 6s. 
Griffin's Algebra & Trigonometry, 3/6. 
Jenkin's Electricity & Magnetism, 3/6, 
Maxwell's Theory of Heat, 3*. 6d. 
Merrifield's Technical Arithmetic, 3s. 6d. 
Milter's Inorganic Chemistry, 3*. 6d. 
Preece & Sivewright's Telegraphy, 3/6. 
Shelley's Workshop Appliances, $s 6d. 

Thome's Structural and Physiological 

Botany, 6s. 
Thorpe's Quantitative Analysis, 4s. 6d. 
Thorpe & MiriVs Qualitative Analysis, 

price 3s. 6d. 

Tilden's Systematic Chemistry, 3 s. 6d. 
Unwin's Machine Design, 3s. 6d. 
Watson's Plane & Solid Geometry, 3/6. 

Light Science for Leisure 

Hours; Familiar Essays on Scientific 
Subjects, Natural Phenomena, &c. 
By R. A. Proctor, B.A. 2 vols, 
crown 8vo. Js. 6d. each. 

The Comparative Ana- 
tomy and Physiology of the Verte- 
brate Animals. By Richard Owen, 
F.R.S. With 1,472 Woodcuts. 3 
vols. 8vo. £3. 1 3 J. 6d. 

Kirby and Spence's In- 
troduction to Entomology, or Ele- 
ments of the Natural History of Insects. 
Crown 8vo. 5*. 

A Familiar History of 

Birds. ByE. Stanley, D.D. Fcp. 
8vo. with Woodcuts, $s. 6d. 



Homes without Hands; 

a Description of the Habitations of 
Animals, classed according to their 
Principle of Construction. Bythe Rev. 
J. G. Wood, M. A. -With abont 140 
Vignettes on Wood. 8vo. 14*. , 

Wood% : Strange Dwell- 
ings; a Description of .the. Habitations 
of Animals, abridged from * Homes 
without Hands.* With Frontispiece 
and 60 Woodcuts. Crown, 8vo. 7* 6d. 

Wood's Insects at Home; 

a Popular Account of British Insects, 
their Structure, Habits, and. Trans- 
formations. With , 700 Woodcuts. 
, 8vo. 14J. 

WoocTs Insects Abroad ; 

a Popular Account of Foreign Insects, 
their Structure, Habits,* and Tianr- 
formations. .With 700 Woodcuts. 
8vo. 14s. . 

Wood's Out of poors ; a 

Selection of Original Articles on 
Practical Natural History. ' With 6 
Illustrations. ■* Crown 8vo. 7a J 6d. 

Wood's Bible Animals ; a 

description of every Living Creature 
mentioned in,. the Scriptures, from the 
Ape to the Coral. With 1 12 Vignettes. 
8vo. 14J. 

The Sea and its Living 

Wonders. By Dr. G. Ha&twig. 
8vo. with numerous Illustrations, price 
iar. 6d. 

Hartwig's Tropical 

World. With about 200 Illustrations. 
8vo. 10s. 6d. 

Hartwig's Polar World ; 

a Description of Man and Nature in the 
Arctic and Antarctic Regions of the 
Globe. Chromoxylographs, Maps, and 
Woodcuts. 8vo. iar. &/... 

Hartwig's Subterranean 

World. With Maps and Woodcuts. 
8vo. 10s. 6d, 

Hartwig's Aerial World ; 

a Popular Account of the Phenomena 
and Life of the' Atmosphere. Map, 
Chromoxylographs, Woodcuts. 8vo. 
price \os. 6d. 
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Rocks Classified and De- 
scribed By Bernhard Von Cotta. 
An English Translation, by P. H. 
Lawrence (with English, German, and 
French Synonymes), revised by the 
Author. Post 8vo. 14J. 

The Geology of England 

and Wales; a Concise Account of 
the Lithological Characters, Leading 
Fossils, and Economic Products of the 
Rocks. By H. B. Woodward, F. G. S. 
Crown 8vo. Map & Woodcuts, 14J. 

Keller's Lake Dwellings 

•f Switzerland, and other Parts of 
Europe. Translated by John E. Lee, 
F.S.A. F.G.S. New Edition, en- 
larged, with 206 Illustrations. 2 vols, 
royal 8vo. 42*. 

The Primaeval World of 

Switzerland. By Professor Oswal 
Heer, of the University of Zurich. 
Edited by James Heywood, M.A. 
F.R.S. With Map, 19 Plates, & 372 
Woodcuts. 2 vols. 8vo. 28j. 

The Puzzle of Life and 

How it Has Been Put Together ; a 

Short History of Praehistoric Vegetable 
and Animal Life on the Earth. By A. 
Nicols, F.R.G S. With 12 Illustra- 
tions. Crown 8vo. p. dd. 

The Origin of Civilisa- 
tion, and the Primitive Condition of 

Man ; Mental and Social Condition of 
Savages. By Sir J. Lubbock, Bart. 
M.P. F.R.S. 8vo. Woodcuts, \%s. 

The Ancient Stone Im- 
plements, Weapons, and Ornaments 
of Great Britain. By John Evans, 
F. R. S. With 2 Plates and 476 Wood- 
cuts. 8vo. 28.?. 



A Dictionary of Science, . 

Literature, and Art Re-edited by 
the late W. T. Brande (the Author) 
and the Rev. SirG.W. Cox, Bart., M. A. 
3 vols, medium 8vo. 63J. 

The History of Modern 

Music, a Course of Lectures delivered 
at the Royal Institution of Great 
Britain. By John Hullah, LL.D, 
8vo. price &f. 6d. 

Dr. Hullah's 2d Course 

of Lectures on the Transition Period 
of Musical History, from the Beginning 
of the 17th to the Middle of the 18th 
Century. 8vo. ior. 6d. 

Loudon's Encyclopaedia 

of Plants ; comprising the Specific 
Character, Description, Culture, His- 
tory, &c. of all the Plants found in 
Great Britain. With upwards of 
1 2, 000 Woodcuts. 8vo. 42J. 

De Caisne & Le Maout's 

System of Descriptive and .Analy- 
tical Botany. Translated by Mrs. 
Hooker ; edited and arranged accord- 
ing to the English Botanical System, by 
J. D. Hooker, M.D. With 5,500 
Woodcuts. Imperial 8vo. 31/. 6d. 

Hand-Book of Hardy 

Trees, Shrubs, and Herbaceous 
Plants; containing Descriptions &c. 
of the Best Species in Cultivation. 
With 720 Original Woodcut Illustra- 
tions. By W. B. Hemsley. Medium 
8vo. 12s. 

The Rose Amateur's 

Guide. By Thomas Rivers. Latest 
Edition. Fcp. 8vo. 4s. 6d. 



CHEMISTRY and PHYSIOLOGY. 



Miller's Elements of Che- 

mistry, Theoretical and Practical. 

Re-edited, with Additions, by H. 

Macleod, F.C.S. 3 vols. 8vo. 
Part I. Chemical Physics, i&t. 
Part II. Inorganic Chemistry, 24s. 
Part III. Organic Chemistry, New 
Edition in the press. 



Animal Chemistry ; or, 

the Relations of Chemistry to Physiology 
and Pathology : a Manual for Medical 
Men and Scientific Chemists. By 
Charles T. Kingzett, F.C.S. 8vo. 
price i8x. 
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A Dictionary of Chemis- 
try and the Allied Branches of other 
Sciences. By Henry Watts, F.C.S. 
assisted by eminent Scientific and 
Practical Chemists. 7 vols, medium 
8vo. ,£10. i6>. 6d. 

Supplementary Volume, completing the 
Record of Chemical Discovery to the 
year 1877. \In the press. 

Select Methods in Che- 
mical Analysis, chiefly Inorganic. By 
Wm, Crookes, F.R.S. With 22 
Woodcuts. Crown 8vo. 12s. 6V. 



The History, Products, 

and Processes of the Alkali Trade, 
including the most recent Improve- 
ments. By Charles T. Kingzett, 
F. C. S. With 32 Woodcuts. 8vo. 1 2s. 

Health in the House : 

Twenty-five Lectures on Elementary 
Physiology in its Application to the 
Daily Wants of Man and Animals. 
By Mrs. Buckton. Crown 8vo. 
Woodcuts, 2s. 



The FINE ARTS and ILLUSTRATED 
EDITIONS. 



In Fairyland ; Pictures 

from the Elf- World. By Richard 
Doyle. With a Poem by W. Al- 
lingham. With 16 coloured Plates, 
containing 36 Designs. Folio, i$s. 

Lord Macaulay's Lays of 

Ancient Rome. With Ninety Illustra- 
tions on Wood from Drawings by G. 
Scharf. Fcp. 4to. 2 1 J. 

Miniature Edition of 

Macaulay's Lays of Ancient Rome, 
with Scharf's 90 Illustrations reduced 
in Lithography. Imp. i6mo. ioj. 6d. 

Moore's Lalla Rookh. 

Tenniel's Edition, with 68 Woodcut 
Illustrations. Fcp. 4to. 21 s. 

Moore's Irish Melodies, 

Maclise's Edition, with 161 Steel 
Plates. Super-royal 8vo. 21s. 

Lectures on Harmony, 

delivered at the Royal Institution. By 
G. A. Macfarren. 8vo. 12s. 



Sacred and Legendary 

Art. By Mrs. Jameson. 6 vols, 
square crown 8vo. price £$. 15J. 6d. 

Jameson's Legends of the 

Saints and Martyrs. With 19 Etch- 
ings and 187 Woodcuts. 2 vols. 3U. 6d. 

Jameson's Legends of the 

Monastic Orders. With 1 1 Etchings 
and 88 Woodcuts. 1 vol. 21s. 

Jameson's Legends of the 

Madonna. With 27 Etchings and 165 
Woodcuts. 1 vol. 2 1 s. 

Jameson's History of the 

Saviour, His Types and Precursors. 
Completed by Lady Eastlake. With 
13 Etchings and 281 Woodcuts. 
2 vols. 42s. 

The Three Cathedrals 

dedicated to St Paul in London. 

By W. Longman, F.S.A. With 
numerous Illustrations. Square crown 
8vo. 2 1 j. 



The USEFUL ARTS, 
The Art of Scientific 

Discovery. By G. Gore, LL.D. 
F.R.S. Author of « The Art of Electro- 
Metallurgy. ' Crown 8vo. price 1 5 s. 



MANUFACTURES, &c. 
The Amateur Mechanics 1 

Practical Handbook ; describing the 
different Tools required in the Work- 
shop. By A. H. G. Hobson. With 
33 Woodcuts. Crown 8vo. 2s. 6d. 
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The Engineer's Valuing 

Assistant By H. D. Hoskold, 
Civil and Mining Engineer, 1 6 years 
Mining Engineer to the Dean Forest 
Iron Company. 8vo. 31*. 6d. 

Industrial Chemistry; a 

Manual for Manufacturers and for Col- 
leges or Technical Schools ; a Transla- 
tion (by Dr. T. H. Barry) of Stoh- 
mann and Engler's German Edition of 
Payen's ' Precis de Chimie Industrielle;' 
with Chapters on the Chemistry of the 
Metals, &c.byB. H.PAUL, Ph. D. With 
698 Woodcuts. Medium 8vo. 42^ 

Gwilt's Encyclopaedia of 

Architecture, with above 1,600 Wood- 
cuts. Revised and extended by W. 
Papworth. 8vo. 52J. 6d. 

Lathes and Turning, Sim- 

------ -- ■ - By 



pie, Mechanical, and Ornamental 

W. H. NORTHCOTT. 
with 338 Illustrations. 



pie, JVL< 

W. H. Northcott. Second Edition, 



8vo. i8j. 



Hints on Household 

Taste in Furniture, Upholstery, 
and other Details. By C. L. East- 
lake. Fourth Edition, with 100 Illus- 
trations. Square crown 8vo. i+r. 

Handbook of Practical 

Telegraphy. By R. S. Culley, 
Memb. Inst. C.E. Seventh Edition. 
Plates & Woodcuts. 8vo. price 16s. 

A Treatise on the Steam 

Engine, in its various applications to 
Mines, Mills, Steam Navigation, Rail- 
ways and Agriculture. By J. Bourne, 
C.E. With Portrait, 37 Plates, and 
546 Woodcuts. 4to. 42J. 

Recent Improvements in 

the Steam Engine. By J. Bourne, 
C.E. Fcp. 8vo. Woodcuts, 6s. 

Catechism of the Steam 

Engine, in its various Applications. 
By John Bourne, C.E. Fcp. 8vo. 
Woodcuts, 6s. 

Handbook of the Steam 

Engine, a Key to the Author's Cate- 
chism of the Steam Engine. By J. 
Bourne, C.E. Fcp. 8vo. Woodcuts, gs. 



Encyclopaedia of Civil 

Engineering, Historical, Theoretical, 
and Practical. By E. Cresy, C.E. 
With above 3,000 Woodcuts. 8vo. 42s. 

Ure's Dictionary of Arts, 

Manufactures, and Mines. Seventh 
Edition, re-written and enlarged by R. 
Hunt, F.R.S. assisted by numerous 
contributors. With 2,604 Woodcuts. 
4 vols, medium 8vo. £7. 7s. 

Practical Treatise on Me- 
tallurgy. Adapted from the last 
German Edition of Professor Kerl's 
Metallurgy by W. Crookes, F.R.S. 
&c. and E. Rohrig, Ph.D. 3 vols. 
8vo. with 625 Woodcuts. £4. 19s. 

The Theory of Strains in 

Girders and similar Structures, with 
Observations on the application of 
Theory to Practice, and Tables of the 
Strength and other Properties of Ma- 
terials. By B. B. Stoney, M.A. 
M. Inst. C.E. Royal 8vo. with 5 
Plates and 123 Woodcuts, 36*. 

Railways and Locomo- 
tives ; a Series of Lectures delivered 
at the School of Military Engineering, 
Chatham, in the year 1877. Railways, 
by John Wolfe Barry, M. Inst. C.E. 
Locomotives, by F. J. Bramwell, 
F.R.S. M. Inst. C.E. [In the press. 

A Treatise on Mills and 

Millwork. By the late Sir W. Fair- 
bairn, Bart. C.E. Fourth Edition, 
with 18 Plates and 333 Woodcuts. 
I vol. 8vo. 25 j. 

Useful Information for 

Engineers. By the late Sir W. 
Fairbairn, Bart. C.E. With many 
Plates and Woodcuts. 3 yoIs, crown 
8vo. 3 ix. 6d. 

The Application of Cast 

and Wrought Iron to Building 
Purposes. By the late Sir W. Fair- 
bairn, Bart. C.E. With 6 Plates and 
118 Woodcuts. 8vo. 1 dr. 

Anthracen ; its Constitution, 

Properties, Manufacture, and Deriva- 
tives, including Artificial Alizarin, An- 
thrapurpurin, &c. with their Applica- 
tions in Dyeing and Printing. By G. 
Auerbach. Translated by W. 
Crookes, F.R.S 8vo. 12s. 
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Practical Handbook of 

Dyeing and Calico-Printing. By 
W. Crookes, F.R.S. &c. With 
numerous Illustrations and specimens 
of Dyed Textile Fabrics. 8vo. 42 s. 



Mitchell's Manual of 

Practical Assaying. Fourth Edition, 
revised, with the Recent Discoveries 
incorporated, by W. Crookes, F.R.S. 
Crown 8vo. Woodcuts, 3U. 6d. 



Loudon's Encyclopaedia 

of Gardening ; the Theory and Prac- 
tice of Horticulture, Floriculture, Arbori- 
culture & Landscape Gardening. With 
1 , 000 Woodcuts. 8vo. 2 1 s. 

Loudon's Encyclopaedia 

of Agriculture ; the Laying-out, Im- 
provement, and Management of Landed 
Property ; the Cultivation and Economy 
of the Productions of Agriculture. With 
1, 100 Woodcuts. 8vo. 2 1 j. 



RELIGIOUS and MORAL. WORKS. 



An Exposition of the 39 

Articles, Historical and Doctrinal. By 
E. H. Browne, D.D. Bishop of Win- 
chester. Eleventh Edition. 8vb. 16s. 

A Commentary on the 

39 Articles, forming an Introduction to 
the Theology of the Church of England. 
By the Rev. T. P. Boultbee, LL.D. 
New Edition. Crown 8vo. 6s. 

Historical Lectures on 

the Life of Our Lord Jesus Christ 
By C. J. Ellicott, D.D. 8vo. 12s. 

Sermons preached most- 
ly in the Chapel of Rugby School 

by the late T. Arnold, D.D. Collective 
Edition, revised by the Author's 
Daughter, Mrs.W. E. Forster. 6 vols, 
crown 8vo. 30$-. or separately, 5*. each. 

The Eclipse of Faith ; or 

a Visit to a Religious Sceptic By 
Henry Rogers. Fcp. 8vo. 5*. 

Defence of the Eclipse of 

Faith. By H. Rogers. Fcp 4 8vo. 3s. 6d. 

Nature, the Utility of 

Religion and Theism. Three Essays 
by John Stuart Mill. 8vo. 10s. 6d. 

A Critical and Gram- 
matical Commentary on St Paul's 
Epistles. By C. J. Ellicott, D.D. 
8vo. Galatians, Ss. 6d. Ephesians, 
Ss. 6d. Pastoral Epistles, ior. 6d. 
Philippians, Colossians, & Philemon, 
10s. 6d< .Thessalonians, Js. 6d. 



Conybeare & Howson's 

Life and Epistles of St Paul. 

Three Editions, copiously illustrated. 

Library Edition, with all the Original 
Illustrations, Maps, Landscapes on 
Steel, Woodcuts, &c. 2 vols. 4to. 42J. 

Intermediate Edition, with a Selection 
of Maps, Plates, and Woodcuts. 2 vols, 
square crown 8vo. 2ls. 

Student's Edition, revised and con- 
densed, with 46 Illustrations and Maps. 
1 vol. crown 8vo. 9*. 

The Jewish Messiah ; 

Critical History of the Messianic Idea 
among the Jews, from the Rise of the 
Maccabees to the Closing of the Tal- 
mud. By James Drummond, B.A. 
8vo. 1 5 s. 

Evidence of the Truth of 

the Christian Religion derived from 
the Literal Fulfilment of Prophecy. By 
A. Keith, D.D. 40th Edition, with 
numerous Plates. Square 8vo. 12s. 6d. 
or post 8vo. with 5 Plates, 6s. 

The Prophets and Pro- 
phecy in Israel; an Historical and 
Critical Inquiry. By Prof. A. Kuenen, 
Translated from the Dutch by the Rev. 
A. Milroy, M.A. wkh an Introduc- 
tion by J. Muir, D.C.L. 8vo. 2 1 j. 

The History and Litera- 
ture of the Israelites, according to 
the Old Testament and the Apocrypha. 
By C. De Rothschild & A. De 
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